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Les GENERAL DESCRIPTION OF AIR MONITORING PROGRAM 
Radian Corporation, under contract to the C-b Oil 
Shale Project, is performing the data compilation and reporting 
of air quality/and meteorological data at one monitoring site 
in Northwest Colorado. The site measures and records concen- 
Exaetons) Of Pareloulates sulfur dioxide, }oxides of nitrogen, 
hydrogen sulfide, total hydrocarbons, methane, and carbon 
monoxide. A 200-foot meteorological tower provides wind 
direction, wind speed, temperature, and relative humidity data 
aterour. levels 0S, 305) 100 and 200 feet)!" Other meteorological 
variables measured at the tower site are insolation, barometric 


pressure, “and precipitation. 


Evgure tleshows the confieuration o£ the monitoring 
station. The station provides a sturdy and protective covering 


for the monitoring equipment. 
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ee DESCRIPTION OF INSTRUMENT SYSTEMS 


A. Ate Quality Instrumentation 


Nitrogen oxides are measured with a Meloy Model NA520 
analyzer. This dual-channel analyzer is based on the chemilu- 
minescent principle and continuously monitors both NO, and NO. 
A subtraction circuit in the instrument provides a continuous 
NO>. Output. .bweos not used in Radian’s system....NO, is cal- 
culated once a second by the computer by subtracting the NO 
value from the NO, value, thus avoidine any drift, which might 
occur in the NO, output of the instrument. This instrument has 
a minimum detectable sensitivity of 5 ppb (parts per billion) 


GG wa plein aiken Oi. 2 hoe 


Both sulfur dioxide and hydrogen sulfide are measured 
with Meloy Model SA185 sulfur analyzers. The hydrogen sulfide 
analyzer uses a Meloy Model NO,-1 sulfur dioxide scrubber and 
the sulfur dioxide analyzer uses a Meloy Model H,S-1 hydrogen 
sulfide scrubber. The Model SA185 is a continuous analyzer and 
“utilizes the flame photometric principle of operation. The 


minimum detectable sensitivity is 5 ppb and the linearity is +1%. 


Ozone is measured with a Meloy Model OA350 analyzer. 
This instrument, based on the chemiluminescent principle, pro- 
vides continuous measurement of ozone. The minimum detectable 


Sleris tiiewaney, SOND. DpDmendsthe linearity 1s 217, 


Total hydrocarbons, methane, and carbon monoxide are 
monitored with a Bendix Model 8200 gas chromatograph analyzer. 
This instrument, which uses a plume ionization detector, has a 
minimum detectable sensitivity of 5 ppb for all three components. 
The Model 8200 works on a five-minute cycle, i.e., one air 
sample is analyzed every five minutes, and the results are dis- 


played for five minutes via a sample and hold circuit. 
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The air sample is drawn in through a glass cane and 
manifold supplied by the Ace Glass Company. The system has a 
25mm diameter, through which a constant air flow is provided 
by an air pump rated at 60 cfm at O" head pressure. The manifold 
has sampling ports to which 1/4" teflon lines to the instrument 
are connected. All joints in the sampling system are secured by 
O-ring compression fittings. The manifold ts contained in a 
heated (100°F) chamber to prevent condensation of moisture. The 
teflon lines from the manifold to the instruments are insulated 
with 1/8'' wall thickness rubber tubing. 


The trailer has four heavy duty high volume particu- 
late samplers (Hi-Vols). Fiberglass filter paper is used for 
the collection of particulate samples, after which each filter 
is brought to a controlled humidity before weighing. Each Hi- 
Vol has a flow recorded to permit correction for changes in air 
flow as the filter becomes loaded with particulates. Each Hi- 
Vol runs for a 24-hour period (midnight to midnight) and is 
turned on and off by the computer. The Hi-Vols, which were 
manufactured by Radian, were designed following guidelines re- 


commended by the Environmental Protection Agency. 


In addition to the normal Hi-Vol particulate samples, 
a duplicate Hi-Vol sample is collected every sixth day on 
special filter paper for trace element analysis. Once each 
quarter these samples are composited and analyzed for gross 


radioactivity and trace element content. 
B. Calibration Procedures 
The trailer contains a Meloy Model RAD-1 calibration 


unit. This instrument provides a zero air supply, SO, span gas 


from an SO. permeation tube, and NO span gas obtained by precisely 
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diluting bottled NO span gas. The computer-controlled 

calibration of all instruments is automatically performed once 

a day. « gLacheiarstaument aus siirs.t tswitchedptopzero; ‘the computer 
monitors the output of each channel and takes a new zero reading 
after, a stable »zero signal has been.reached.. This zero reading 

is compared by the computer to the zero reading obtained 24 hours 
be fone, ratid +1. gamdruni: tim excess .o£.10 «ppb .has,occurred, an 

excess zero drift light.for the channel .in question is turned on 
on the System Status Panel. Next, span gas is supplied to each 
channel and the computer decides when a stable span value has been 
reached. This value is recorded and compared to the previous day's 
value. An excess span drift light on the System Status Panel is 
BUGRed On pl — vaedrlet -excecdime, 10 ppb joccurs..0ihesinstruments are 
then returned to the monitor mode and after two minutes the com- 


puter resumes data taking. 


The bottled NO gas used at each site was obtained from 
Precision Gas Products. Pre-purified grade hydrogen is used in 


the SO, analyzers. 


The SO, permeation tubes were manufactured by Metronics 
Association, Inc. Their output, has been verified by comparison 
to the output.of National, Bureau of Standards tube 10-42. Both 
SAL85 analyzers in each trailer are calibrated with the SO... from 
the permeation tube. This instrument responds to the number of 
sulfur atoms per molecule; thus, SO, can be used to calibrate 
both the H,S..and SO>. monitors. 


The Model OA350 ozone analyzer has its own calibration 
system which provides a zero check and a span check. The ozone 
Galibwatton system 1s, veri tiedsby comparison, to, a,.calibrated 


ozone generator maintainec in Radian's laboratory in Rifle. 
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a The Model 8200 total hydrocarbon, methane, and carbon 
monoxide analyzer is calibrated with undiluted span gas obtained 
from AirCo's Rare and Specialty Gas Division. This span gas con- 
tains methane and carbon monoxide in air, the methane being used 
to calibrate both the total hydrocarbon channel and the methane 
channel. The Model 8200 is zeroes with air from a Bendix Model 
8834 zero air uit. “in addition, the ‘instrument “is ‘electronically 


re-zeroed. at the start of every five-minute cycle. 


The Hi-Vol particulate samplers were calibrated using 
a Calibration Kit from General Metal Works. 


C> ‘Data Acquistit2 on. System 


The basis of the data’ acquisttionssystem is ay Data 
General NOVA 1200 minicomputer. The NOVA, which has a basic 
cycle time of ‘1.2 yseejiis equipped with automatic program load — 
and power fail/automatic restart features. The computer utilizes 
16K 16-bit words of core memory. Analog-to-digital conversion 
is accomplished via an ADC built by Radian, Comperation. The 
input/output unit for the system is Texas Instrument's KSR 733 
keyboard/printer. This model teletype provides keyboard entry 
and hardcopy printed output. The data are also recorded on a 
cassette magnetic tape unit with three drives. The cassette 
unite is’ werlized’ for: program -storage.-and loading as well sas for 
recording. To reduce wear on mechanical parts, the power to the 
teletype and cassette units is turned on only when the unit(s) is 
(are) to be used. Several important functions in the instruments 
as well as in the computer and the trailer are monitored by means 
of lights on a System Status Panel. These data lights are written 
onto cassette tape to monitor the complete status of the system 
every five minutes. The Data Acquisitiom System also monitors 
the presence of 100V power from the power lines. In its absence, 


e. 


the computer, which is powered by batteries, switches all trailer 
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systems to battery-provided power. If the line voltage is 
restored before the batteries are discharged to a specified 


level, the trailer system is switched back to line power. 


De Meteorological ins triumen tat Lon 


200-Foot Meteorological Tower 


The tower has instrumentation at four levels: 8 feet, 
30 feet, 100 feet, and 200 sftect;,.At all four levels, there are: 
wind speed, wind direction, and temperature and relative humidity 
sensors in a power-aspirated radiation shield. Temperature 
difference thermistors (also in power-aspirated radiation 
Snietds) sandrthnerr assocratedycineuLtry take, lapse: rate umeasure= 
ments for sthe 30-foot to; l00-foot: Layer and the: 30=foot :to 
200 -footu layer, pi inweaddition » thisrsite nas a PrecisioneSpectral 


Pyranometer, a barometer, and a tipping bucket rain/snow gage. 


The wind direction and speed apparatus used at each 
measurement level of the tower is the Model 1074-2 wind sensor 
by Meteorological Research, Inc: (MRI). This sensor has a 540° 
potentiometer for wind direction and a light chopper for wind 
speed. This sensor is rugged, with an all-weather coaxial cup 
and damped vane assembly. The prototype model has been in 
operation for years under the most demanding weather conditions, 
performing continuously with the utmost reliability. The wind 
sensors on the tower have been specially treated with a black 
paint which will promote warming of the exposed surfaces of the 
sensor and thereby reduce ice and snow accumulations on the 
MOVIN oparespomythegapparatus. Lihetspeci fications ion .the Model 
1074-2 are as follows: 
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Wind Speed 


Starting Threshold: "10.75 mph. 
Résponse Distance: “16 feet (637, recovery). 
Flow Coefficient. 7.19 Leer /Revolution. 


Accuracy: +0.4 mph or 1% (whichever is greatest) 
Wind Direction 


Starting “Thresholds =:0275> mom. 

Delay Distance: 4 feet (50% recovery). 
Dampine “Ratio 22 -0'co co. se 

Accuracy (540° system): 1%. 

Ranges 0 eo" 540 ~. 


The relative humidity and temperature sensors are 
mounted within a power-aspirated radiation shield at each tower 
level. All aspirators and sensors are of the Model 840 Series 
by MRI. ‘The aspirated shielded housing is designed to provide 
maximum radiation protection to the sensor. Ambient air is 
drawn into the shield and across the sensors at approximately 
15 feet per second. This intake air is essentially sampled 
from a hemispherical space which is approximately 3-inch radius 

rom the tube opening. Speed of the incoming air at the 


perhiphery of this hemisphere is approximately 1 mph. 


The temperature sensor is comprised of a dual thermistor 
and resistor network. This circuit provides a linear resistance 
change with an air temperature change. The relative humidity 
sensor is placed alongside the temperature elements inside the 
shield where it is exposed to a constant flow of air. Circulation 
to both sides of the sensing element produces accurate monitoring 
with a good response time. The specifications on the sensing ele- 


ments are as follows: 
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Temperature 


Accuracy : £OL25. Ge 
Ranger.) -90°C to 450° C- 


Humidity 


ANeeuracy='r+3.07, Rox 
Range: 07, to L007, Relative Humidity. 


Measurements of temperature difference are taken for 
two layers, the 30-foot to 100-foot and the 30-foot to 200-foot 
layer. Uline thermistors andecircuitry used for these measurements 
are separate from the thermistors measuring air temperature. The 
use Of separate thermistors and circuitry to measure AT allows 
for much greater accuracy and resolution in the measurements, 
which is necessary for stability assessments. Two AT thermistors 
are at the 30-foot level, one is at the 100-foot level, and one 
is at the 200-foot: hevel. All of these AT, thermistors: are mounted 
within power-aspirated radiation shields. The specifications on 


the AT instrumentation areas follows’: 


Accuracy: +0.1°C. 
Range of AT Circuit (Lower Level-Upper Level): 
+9F° to -9F°. 


All instrumentation, except at the ground level, is 
mounted at the end of 12=foot retractable booms. These beoms 
are B-aneh box beams which are ‘om rollers and’ can’ be- retracted 


to the instrument platforms for instrument maintenance. 
The meteorological tower itself is a 200-foot Rohn 


Model 80 Guyed Tower, designed for 40 pounds per square foot 
wind oad wither: at cadtalmce per ELA’ Standard RS-222-B to 
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support four levels of meteorological equipment. The material © 
consists of tower sections with a tapered base, three retractable 
booms 12-feet long, three outside work platforms, an inside 

ladder for climbing, two base ground kits and one anchor ground 

kit. The cable-type Safety Climbing Device consists of a cable 

and attachment mechanisms with a locking sleeve and safety belt. 


The tower is lighted and painted according to FAA specifications. 


The signals from the tower instrumentation are fed 
from multiple signal cables into transmitters mounted at the base 
of the tower. After signals have been converted to analog 
signals, they are fed into a junction box, also at the tower 
base, where they are assimilated into one coaxial cable. The 
signals.are. then. run. underground within:3". PVC conduit to the 
A-to-D assembly, where they are processed. The transmitters are 
shielded and insulated from the elements. The signal cable is 
run underground in PVC conduit.in order to minimize damage from > 


the weather or from various rodents in the region. 


The auxiliary equipment at the tower site consists of 
a heated tipping bucket rain/snow gage, an analog barometer, 
and a Precision Spectral Pyranometer. The rain/snow gage is the 
Model P511-E unit by Weather Measure... In. the case of this gage, 
the durability and reliability of a tipping bucket gage are 
combined with heavy-duty electric heaters to make this an all- 
purpose precipitation sensor. This gage may be used to measure both 
snowfall and rainfall. An insulating cover of poly-vinyl chloride 
and a thermostatic control insure the proper gage temperature. 
The thermostatic control is adjustable from 0 to 35°C. Snow 
falling into the inlet funnel is melted. The resulting water 
(from rain or snow) drains into a precision tipping bucket 
mechanism which activates a mercury switch each time the bucket 
fills ‘and tips ...,The gage is constructed of durable corrosion- 


resistant materials to provide many years of service. The . 
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specifications for this gage are as follows: 


Omistice., Uj6- inches.. 

Calstbratvont-er OF O01 lanchs 

Aeeumacy «MOM om Cal i baated at: Or; 5oinm/hr) . 
Sensor: Chrome-plated tipping buckets. 
Swisteh= p Mercury, 00l-second sclosure. 


Heat. Control yihermostat adjustment, 0 to 35°C. 


The barometer is the B242 Analog Output Barometer by 
Weather Measure. This barometer provides an output voltage that 
is linearly propontional’ to pressure. “The specifications on’ this 
instrument, which is mounted inside the monitoring trailer at the 


Siee. are as follows’: 


Range: Specially designed for the 100 millibar 
imeenvial i£nOm 7251 middda barse to 825 millabars: 
Resolution. Infinite. 

bimnéanuty-) 20.5 millibar, over the 100 milinbar 


Intervals 


The pyranometer at the site is the Eppley Precision 
SpecteralyPyranometer. ~0his instrument is usedifor)the measure- 
ment of sun and sky radiation totally or in defined wavelength 
bands. The pyranometer is levelled and mounted atop a wooden 
stand 4% feet from the ground surface. Care has been taken to 
eliminate the effects from all outside influences, such as 
reflection or shadows, on the pyranometer. The instrument 


Chacacterista cs) are vasy fol lows’. 


Sensttiviitv: govmy. | pier cal/cm°/min. 
Independence: 300 ohms. 

Temperature dependence: Sensitivity constant to 
within +l percent over the ambient temperature 
range from -20 to +40°C. 
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Linearity: Response linear up to intensities 
of 4 cal/cm?/min. 


Response time: 1 second (i/e signal). 


All instrumentation -1s ‘factory-calibrated and is field- 
calibrated at vartousTintervals') Stine -psychrometers are used to 
calibrate the humidity sensors; known temperatures and/or resis- 
tances are used to calibrate the thermistors; and an rpm cali- 
brating wnit is used to. calibrate the vanemometens, “ine wand 
direction instrumentation is aligned to true north (reference 


direction) by means of a surveyor's transit. 
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igGile MICROMETEOROLOGICAL AND TERRAIN FEATURES 


The Piceance Creek Valley and C-b Shale Oil Tract are 
Situated such that many microscale meteorological phenomena 
affect the region where the ambient air monitoring unit is located. 
Trailer 023 and its associated 200-foot meteorological tower are 
located atop a plateau to the south of the valley, high enough 


to be affected mostly by gradient flow conditions. 


The elevation at the meteorological tower site (Trailer 
023) is 6940 feet above sea level. The largest gradients in eleva- 
ELON, im this area,, Of course, occur at the Piceance Creek Valley 
walls. However, the northern valley walls are slightly steeper 
than those at the southern boundary of the valley, which then 
slopes upward gradually toward the C-b Tract. . The Piceance’ Creek 
Valley decreases in elevation from’ east ‘to west in this area, so 
that nighttime katabatic cold-air drainage flows advect from east 


OrWwie oner 


Site 023- is approximately 2.5° miles*‘south of the 
Preeance Greek Valley" This Yocation is relatively high’ com- 
pared to its surroundings, with the nearest point having an eleva- 
tion greater than 7000 feet being .5 miles to the south of the 
tower. The tower itself is om the £op of a small knoll located 
between Scandard and Sorghum Gulches. Because of its location 
and the irregularities of the suxrounding terrain, meteorological 


patterns are varied here. 


Wind instrumentation is mounted at four levels of the 
meteorological tower: 8 feet, 30 feet, 100 feet, and 200 feet. 
Tne top level of the tower generally remains in gradient wind 


flow. © (nat as. the winds at, that level “are mormally generated 
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by synoptic-scale features and are usually separated from terrain 
features and mrerometeorotocical-~crreulations. occasionally a 
weak anabatic flow influence is experienced. However, such is not 
the case with the three lowest measurement levels. To varying 
degrees, these levels are influenced by both the katabatic and 
anabatic circulation cells. However, when strong pressure gradient 
forces exist in the region and the synoptic-scale wind flow is 
strong, all four tower levels will reflect a gradient wind flow as 


the winds increase in strength and height. 


The terrain atop the plateau is generally barren and 
fairly rugged, with a few scattered small trees. The topsoil 
dries rapidly and is very fine, resulting in blowing dust when 
dry, windy conditions exist. “Im the. Piceance Creek Valley tne 
terrain is fairly grassy and flat, with steep valley walls on 
either side. Surface winds are normally rather light in this 


valley unless channeling effects occur. 


During clear nights with rather light pressure gradient- 
induced winds, rapid radiational cooling will oceur in the reerven 
because of the barren nature of the terrain and the generally 
dry character of the, air in this: poreronm Of Ene. countm.. = Aca 
result, the diurnal range of temperatures will be extremely 
large. Because of the katabatic flow in the valley, nighttime 
temperatures will generally be lower in the valley than on the 
plateau. During the winter, especially, temperatures in the 
valley may be 20F° lower than they are on the plateau during the 


early morning hours. 


fi B-di2t 


RADIAA 


CORPORATION 
EV. OPERATING TIME ANALYSIS FOR EACH SITE 


ihitse seceron presents the operating statistics for 
each of the major subsystems contained in the monitoring station. 
Tabde ei shows tehee speci ire number of-hours -that .each.of these 
subsystems were inoperative for the month. The column labeled 
“DEGLOPIZING SYSEEM = amdicates the- entire data acquisition system; 
therefore, downtime hours appearing in this column means total 
loss Of data.” These instances. imclude,-in «addition to computer 
downtime, power failures, no power available, and self-automated 


shutdown periods’such as during air conditioner malfunctions. 


Calibration time is not considered to be downtime and 
ES jenererOne, snot included) im=the downtime figures. » The amount 
Of time used in calibrating the instruments is given atthe 
bottom of the downtime analysis table and is reported as total 
Calibration hours for each channel for the entire month. As is 
evident in the calibration figures, channels can be calibrated 
independently of one another. No calibration time is given for 
particulate monitoring since Hi-Vol calibration occurs infre- 
quently and only during the off-duty“ cycle-for each Hi-Vol 


while another Hi-Vol is taking data. 
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V. MONTHLY METEOROLOGICAL SUMMARY 


A. Summary of the Meteorolocical, Conditions over 
North America during March 1977 

March 1977 brought warmer than normal temperatures to 
the eastern two-thirds of the United States. The Rockies and 
West Coast experienced near normal temperatures. Monthly 
precipitation totals were quite variable over most sections of 
the country. The polar front jet stream was somewhat less 
developed than in earlier months and also changed its orientation. 
The long wave circulatory pattern for March featured a mean 
trough in the western United States and a long wave ridge in the 
eastern United States. The reverse was true during the winter 
months preceding March. The ridging in the eastern and central 
sections of the country accounted for the above normal tempera- 


tures in thosé-areas)durine.March. 


The long wave circulation was zonal (west-east) from 
the” 7th through’ the 9en-and “che, loth throweh thes 22nd,"-*Spiie 
Elow occurred om the 2nd and’ 3rd trom,the, lth throtgh the 
Lethe and’ from the Zoth throwsh= the S0th! —~Meridional’ (north- 
south) flow. oceurred.on the lst, from the- 4th through. the 6th, 
on-the- 10th, “the: 14th... amds 1 oich, from tie 23rd through: the’ 25th’, 


and’ on’ the Sisit- 


Extratropical low pressure systems were frequent in 
Ene United States during March. these low pressure systems” 
typically increase in number during the spring months because of 
the interaction between warm and cold air. The region most 
affected by these low pressure systems was from the Rockies 
G@astward sehwzough, ithe Great Plaims.... The, dates and locations. of 


these low pressure systems were as follows: 
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Este 
2nd: 
Sparel 
4th- 
(sick 
Qehr: 
LOtheatZehe 
IPs elgie 
EACh:: 
PSth— eta: 
layed ae 
TSth: 
1S al ghee 
20th: 
22nd: 
23rd: 
24¢h: 
2 Sittin: 
Vl fad ae 
28th-30th: 
SS tis 


Sen : 


On a sectional basis” 


Southwest 
Rockies 
Great Plains 
Lakes 


AtLlantre Seaboard 


Great 


Pacific Northwest 

Great Plains 

Great Lakes 

New England 

West Coast 

Rockies 

Great Lakes 

Northern Rockies 

Atlantic Seaboard 
Atlantic Seaboard 


Great Lakes, 
Great Lakes, 
New England, Pacific Northwest 
New England, Northern Rockies 
Rockies 

Northern Rockies 

Creat Plains 


New England 


precipitation anomalies existed during March. 


Section 


Northeast 
Atbantuc..Seaboard 


North, Centrad 


Central 
Southeast 
Southwest 
Rockies 


West ‘and Pacirftire 
Northwest 


Temperature 


Much above normal 
Much above normal 


Very much above normal 
normal 


Much above normal 


Above normal 


Slightly above normal Variable 
Near normal Variable 
Near normal 


SB 27 


Variable; 


the following temperature and 


Precipreation 


Much above normal 


Near normal 


mostly above 


Near normal 


Below normal 


Slightly below normal 
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B. Summary of the Meteorological Conditions in 
Neonthwes tern sand West, Central-Colorado, during 


March 1977 


Grand iJunmetion)sCollomado,.sixty miles: to the,south- 
southwestcotutherinact iC=bis neceived a -totall of .0.. 50, inch of 
precipitation sdurime March xewiich is, 0.25 -inch below the: monthly 
normaksor On/asginchas Grand Junction received 2.3:sinches of; snow 
during March. Measurable precipitation occurred on the lst, 
2ad= 10th jo2 56h 226th). cand 32th. q,dhe- regiom received./8, percent 
of the possible monthly sunshine. Sky.-cover by cloudiness 
averaged 5.5 out of a possible 10 during the daylight hours and 
4.7 4OuUEVOE pa possi bile.10, duxing,.the entire tmomth.'. The region had 
eight clear days, thirteen partly cloudy days, and ten cloudy days 


during the month. 


Air mass changes were frequent during March. Eight 
frontal passages occurred during the month. These frontal passages 
occurred regularly as an upper-level trough dominated the western 
United States throughout the month. Temperatures in the Tract C-b 
were cool due to seasonal influences. Transport winds over the 
region as a whole were stronger in March than in February. 

Maritime spolar Jcold tfronitalwpacsages -oecurred::on the) list,a:8th; 
Genewi3thselothiw24th.) and. 2/thepoAnweale-contamental)polar cold 


frontal passage occurred on the 20th. 
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C. Summary of the Meteorological Conditions in the 
Oil Shale Tract €-b Region during March 1977 


An upper-level trough which had a mean position over 
the western United States was responsible for the increased 
frequency of cold frontal passages and increased number of 
precipitation ‘occurrences’ duxing March so Precipi tatronsoceusred 
on? the bsp f 2nd > beth Ss -ESthi a Zorn. 26ene andaZzoth vos Marcher 
Temperatures in the Tract C-b region were near normal during 
March compared to the above normal temperatures which occurred 


in the easter United “States. 


Eight cold frontal passages occurred during March. 
Maritime polar ‘cold frontal passages ‘oceurred.on”“theslse , “Sth; 
9th, 13th, loth, 24th, -and 27th =: A weak continentalspolarc. cold 


frontal passage occurred on the 20th. 


The monthly average temperatures recorded at the 
meteorological tower during March were: 28.4°F at 8 feet; 
27.7°F ati 30 feet; 27.8°F at 100 tfeet; sand-26-4°F -at <200bfeet. 
These averages are approximately 1F° lower than those recorded 
in February. The warmest days of the month were the 9th, 23rd, 
and the 24th. The coolest days were the 4th, 5th, and the 29th. 
The highest temperature recorded at the meteorological tower 
during March was 56°F at the 8-foot level om the 23rd. The 
coldest temperature recorded at the meteorological tower was 


4°F at. the 30-foot bevel on the morming of ther 29cm. 


Monthly average relative humidities during March were 
higher than they had been in February in the Tract C-b region. 
This increase can be attributed to a decrease in monthly average 
temperatures. At the meteorological tower, the monthly average 
relative humidities were: /0.2 percent-2@ 6 feet: 74.1 percent 


at 100 feet; and 69.6 percent at 200 feet. These relative 
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humidities correspond to dew points of 1Oe Srey, 20 Seek and 17°F, 
respectively. The relative humidity sensor at the 30-foot level 
was inoperative for most of the month. The most humid days of 
the month were the! 2nd, 3rd, 4th,: 10th, and 26th. The driest 
daycuwerey Ehescchta ith .1eh loth, 23nd; Destin, moni SS . 


Wind speeds on the meteorological tower during March 
were stronger on the average than the winds that prevailed 
during February. Resultant wind vectors at the meteorological 
cower during Macch were as follows sm 216.8 degrees at 2: /emiles 
per Houraty Onieet; 2iy/.S degrees tate3..94 milles;per. hour! at 30 
feetrwre20 49 decrees «ates. Simi les: per hourat 100.ceett: ands 226. 9 


degrees at 5.4 miles per hour at 200 feet. 


The scalar average wind speeds associated with these 
resultant windsvectorss were. 6s 8.10". and, 11. mides. per. hour, 
respeetavelys |= Therikman spiralwand Ekmanyeftecti,, d.e:4-a) veering 
in direction and increase in speed as a function of increasing 
height above the surface, were in evidence during most of March. 
A reference, to the March wind rose. For. the meteorological 
tower indicates that the winds at that location were primarily 


southwesterly. 


The windiest days of the month at the meteorological 
Gowers wener Chie. 9thyi LOthie 1Sthd 4 2Gthe ) andy ithe :725th is, dhesdavys 
having. the, Uichtest wandsy were) the 3xdi,. 5th,» 22nd... and: the; 26th. 
The highest five-minute average wind speed recorded at the tower 
duning March. was; (40 miles pexm hour’ at, ithe: 200-foot: level. on. the 
2 Brahe. 


Precipitation totais: in, the, bract. C-b Monitoring .Net- 
work during March were generally below normal. Although 
precipitation occurrences were more numerous than during February, 


amounts were light. 
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Only 0.45 inch of precipitation was recorded at the 
meteorological tower during March. The largest daily precipi- 
tation total recorded in the network during March was 0.13 inch 
on March 2nd. The greatest five-minute precipitation total re- 
corded during the month was 0.02 inch (a precipitation rate of 
0.24 inch/hour), tecorded om the Vstsul/th. and 26th») Measurabte 
precipitation (+701 inch) ° was recorded at «Che meteorological 
tower ‘on’ the= ls 39 2nd dy the. Sth 2othey och tande2oehe em cme 


precipitation was in the form of snow. 


The monthly average station pressure during March was 
783.9 millibars at the meteorologieal. tower 92 This treading is 
6.7 millibars lower than the February average station pressure 
of 790.6 millibars. The highest daily average station pressure 
occurred on ‘the’ Sth® throtigh’ the: - Sth .sven> 2ist2and the 22nd. 
The lowest daily average station pressures occurred on the lst, 
2nd. 17th, and the 23th 


Cloudiness increased in the Tract C-b region during 
March, compared to the February cloud cover and insolation 
statistics .- The region received an“insolation cotal of 4057224 
langleys, which is equivalent to a daily average insolation total 
of 346 langleys/day. This average is below the normal for March 
of 440 langleys/day in the’ Tract C=b- ‘region-2-0n’ a’diurnal. basis, 
the greatest solar radiation rates occurred between 1200 and 1300 
hours. The greatest daily radiation totals were received on the 
Sth, 22nd, 23rd, and the 27th: *ihe- Lowes @ daidly solar tadiation 
totals were received on! the. 2nd, 4th). LOth® W7th- and the:/29th- 
The greatest five-minute radiation total received during March 
was 7.80 langleys (a rate of 1.56 langleys/minute) , which 
occurred om the 30th.’ The largest™hourly’ insolatrom total re- 
ceived ‘during March-was /1 Langleys~ which eccunred son ther? 7th 
between 1200 and 1300 hours. 
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Because of the progressively increasing solar 
elevations and the increasingly longer periods of daylight that 
prevailed during March, the total possible solar radiation which 
could be received during a day increased monotonically throughout 
the month. Therefore, even though cloudiness increased during 
March compared to February, the actual amount of solar radiation 


received also increased. 


The increase in cloudiness which affected the Tract 
C-b during March caused the "very unstable" stability classes to 
become less common than they had been in February. Using the 
Pasquill method of stability determination, "D" stability 
(neutral stabality)=was the most common>stabilrty “occurring 
during 189 daytime hours, or 54 percent of the time. In de- 
creasing order of Erequency, “"C’ (slightly unstable) stability 
ecclsred: durimne LiZeiours, or 32 percent of ‘the time’, andd"B” 
(very unstable) stability occurred during 46 hours, or 13.1 
percent of the time. "A" (extremely unstable) stability occurred 


during only three daytime hours. 


Using the lapse rate method of stability determination 
ey thegneveral ('D”) » sitently stable ("E"), and extremely 
stable ("F") stability classes were the most prevalent during 
March. In general, stable and/or neutral conditions prevailed 
during the nighttime hours and unstable and/or neutral conditions 
prevailed during the day. The following table is a diurnal 
breakdown of the various stability classes. As one proceeds 
frome Ay to. UF", the stability class ranges from extremely 
unstable to extremely stable. The column labeled "number of 
oecurrences indicates the number of times a particular stability 
elass (OCecusredaduring Eheamoneh on an hourly basis.< Level: I 
presents the temperature change versus height values eo Ene 
were considered between 30 feet and 100 feet. Level II indicates 


the, values that were considered between 30 feet and 200 feet. 
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Using the standard deviation of the horizontal wind 
(o.) method of stability determination, yDe= stability waisi-the 
hose common stability classification at the meteorological tower 
at the 200-foot level because of the moderately strong winds that 
normally occurred at that*location. )*The stability distributions 
for the 8-, 30-, and 100-foot levels were unavailable due to 


instrumentation problems. 


The bivanes at the 30-, 100-, and 200-foot levels of 
the meteorological tower indicated a pattern of upward vertical 
motion (negative vertical directions) during March. Upward 
vertical motion was more pronounced during the nighttime and 
early morning hours at the 100-foot level during March (probably 
because of low wind speeds). Upward motions were less pronounced 
at the 200-foot tower level during the early morming hours. At 
the 30-foot level, downward vertical motions were greatest 
during the daytime hours, a result which is quite unusual con- 
sidering the proximity of the sensing level to the ground. 
Upward vertical motions were greatest during late evening and 


nighttime hours. 
No comparison may be made of o 5 values between the 


bivanes and standard wind instrumentation because of instru- 


mentation problems. 
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ae DATA PRESENTATION AND SUMMARY 


This section includes summaries for various recorded 
data at the monitoring sites. The data presentations indicate 
the variability of pollutant concentrations and meteorological 
parameters with .location»and’ time.ssin-addition,.the presenta- 
tions indicate the functional dependence of pollutant concentra- 
tion with wind direction. All data except suspended particulates 
(24-hour samples) are sampled once each second, but recorded as 
five-minute arithmetic averages of the one-second samples. This 
averaging technique tends to smooth instantaneous maximum values, 
and is especially evident when comparing wind gusts to local 


weather bureau data. 


Inherent to any data acquisition system is random noise 
both from the recording instruments and quantization in the ana- 
log-to-digital conversion. The lower threshold for all analytical 
instruments is twice the maximum noise level generated by the 
instruments: This Lower threshold iso ppbi'‘for all anstruments , 
except for the ozone analyzer, for which it is 0.5) ppbse There 
fore, any values appearing in the data presentations that are 
less than 5 ppb indicate only a trace of pollutant in question 
and should not be construed to be absolute levels. In addition, 
the recorded quantity is simply random noise and averages tend 
toward zero. Thus, when concentrations are below the lower 
threshold of the analytical instruments they may appear as a 
zero entry in the data presentation which does not indicate 


absolute zero concentration. 


All pollutant data (execept.for partieulate data) is 
taken at the monitoring site in integer parts per billion (ppb) 


but is presented here in micrograms per cubic meter (yg/m?) 
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assuming standard temperature and pressure of 25°C and 760 mmHg 
COS 72; militbars ) 7 Gespecoively a “Lhe scale cfactions: required 
EO Convert Ue/m uae seandard conditions back {to.ppb for sthe 


VarLous, pollutanes sare given iIn-the folleowangitable. 





TO CONVERT ug/m? AT 25°C 
AND 760 mmHg TO ppb MULTIPLY BY 








POLLUTANT 
. 034 
54 
234 
.384 
a pea: 

A, O50 

15,56 
sOplal 


we 


The units of the meteorological parameters are given in 
the table. It should be noted here that inside temperature is 
monitored ’andiréecordednas;a,£unctional part ofthe system but is 


NOE presentedsinyChishixreport: 


Table III displays the monthly statistics for each 
MOND COmine (stati om combhenmonih.uvio. insure statistical sig- 
nificance, and to reduce the possibility of introducing a bias 
in the presentation, averages are computed only when at least 
30 percent of the samples are present, except for relative 
humidity and temperature, in which case 75 percent of the samples 
are nequired.9 Dftlesstthan «the required samples are present for 


a particu Vax jparameter,; that .mtryy will be blank. The number of 
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samples present for a particular channel is detuned sas the total 
possible number of five-minute samples for the averaging time 
less the computer downtime less the channel downtime less the 
channel calibration time. .The averages in Table III are arith- 


metic averages with the following exceptions: 


« Wind speed and wind direction are 
computed using a vector averaging 
technique where the wind speed is 


treated as the vector magnitude. 


- Particulate averages are computed 


as the geometric mean. 


Table IV displays the daily averages. Again, 50 percent 
of the five-minute samples are required in order to compute an 
average except for the cases of relative humidity and temperature 
which require 75 percent. A blank entry indicates an insufficient 
number of five-minute samples present for that day. Wind speed, 
wind direction, and particulate averages are computed the same 


way as described in Table IIL. 


Table V presents the maximum daily five-minute average 
retained in the data base as well as the time of occurrence. A 
five-minute maximum average is printed if any samples are present 
for that day. Therefore, the maximum five-minute] average for a 
channel which experienced considerable downtime or calibration 
time during the day in question may be mMisnepresentative of, the 


maximum expected for that channel on that day. 
Table VI indicates: the! fiveiilarcest® averages for 


various averaging times. The table shows the period of time 


covered by the average. Maxima are chosen so that time segments 
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are independent. The maximum averages reported are found using 
a 'sliding average' technique with the exception of the 24-hour 
particulate average, which is computed from midnight to midnight. 
For averaging times less than or equal to three hours, the slid- 
ing average is stepped one five-minute sample at a time. For 
longer averaging times the step size is twelve samples or one 
hour. For averaging times less than or equal to one hour 100 
percent of the five-minute samples must be present to compute 

an average. Averaging times greater than one hour require 90 
percent. Whether or not a sliding average is computed is solely 
determined by the number of samples present in that averaging 


time and is independent of daily and monthly averaging criteria. 


To demonstrate the functional dependence of recorded 
parameters upon wind direction, Table VII shows pollutant con- 
centration displayed in a bi-variate distribution with wind 
direction. The tables display the total number of five-minute 
samples occurring in each concentration and wind speed class. 
The mean concentration for all samples occurring in each wind 
class are also shown. This distribution demonstrates the 
dependence of high pollutant concentrations upon wind direction. 


Appendix A shows the stability wind rose diagrams. 


The wind speed classifications used in Appendix A are 
based on the Beaufort wind scale classification system. This 
is a system of estimating and reporting wind speeds, invented in 
the early nineteenth century by Admiral Beaufort of the British 
Navy Uri wassoricinally based on the effects of various wind 
speeds on the amount of canvas that a full-rigged frigate of the 
period could carry, but has since been modified and modernized. 
Im ats present form for amternational meteorological use it 


equates: (a) Beaufort force (or Beaufort number); (b) wind speed; 
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(c) descriptive terms; and (d) visible “effects upon land objects 


or the sea surface. One land adaptation is the NRM wind scale. 


The six basic wind speed classifications used in the 
report are: » L-3 knots, 4-6 knots. J-l0 knots. LI-16 knots, 
17-21 knots, and winds of greater than 21 knots. The following 
table is a complete description of the Beaufort Wind Scale, 


taken from Physical Climatology, by Helmut Landsberg, 1969. 


BEAUFORT WIND SCALE FOR CBSERVATIONS AT LAND STATIONS 





Specification for Use at 10 meters ab.grd. 





5 Mi/hr. j “Knots!  <Km/hr.| M/sec. } 
Callininst: syetienans acco 2 iSmoke rises MGC AM is octal spe's ayave, chert sgereterets Si <i | <l | 0.3 
Liehe air... <2 eli < |Direction of wind shown by smoke drift, | j | 
fo ebut! not Abs witdipvanes.cs..< oe cscunceveteus wens l= 3s iol Sc. sik 0.3-1.5 
Ligne breeze.....}Wind felt on face:leaves rustle:ordinery | | \ 
vane moved iby swaitidi. «<vayedisereiciane. « arene ous © ; 4-7 | 4-6 i Galen | 16 =3.3 
Gentle oreeze....!Leaves and small twigs in constant mo- : 
|i ctiongwind extends lighe flat. .2-20 9.455. / 8-12 { 7-10 | 12-19 | 3.4-5.4 
Moderate breeze..;Raises dust and loose paper:small bran- | | H | 
CHES SAT eESMOVERn 6 oi.% Shade sen re lie easretereeke snes y= h3) | ela L6n st - -20=28 §.5-7.9 
Fresh breeze..... iSmail trees in leaf begin to sway:wave- | | | 
\ Wets* formed on inWand waters.i. 2. oscuis. ; 19-24 { 17-21 | 29-38 } 8.0-10.7 
Strong breeze....jLarge branches in motion:whistling heer \ 
| in telegraph wires:umbrellas used with | | 
Getty al ee 1 oocar |” 29697°"| 39849, | 10° 6213.8 
Hien wins 08 S400 iWhole trees in motion:inconvenience felt | 
when walking against wind....:...-...++. | 32-38 | 28-33 | 50-61 | 13.9-17.1 | 
Presh fale. ces ee Breaks twigs off trees:generally impedes | | | | 
bMS ESS sere woe ale wort tas snot enmis eee res eu Neto ver rene i 39-46 | 36-40 ; 62-74 | 17.2-20.7! 
Strong, Gale.< «se ‘Slight structural damage occurs (chimney | | | 
| pots and slates, removed) o. 2.045 sccm a | 47-54 | 41-47 | 75-88 | 20.8-24.4 
Wnole gale....... i Seldom experienced inland:trees uprooted: | H 
considerable structural damage occurs... { 55-63 | 48-55 | 89-102 | 24.5-28.4 
SPO rin. 2 siehcl os emare Very rarely experiences:accomoanied by | 
Widespread damage... 6 s0 16 sieac.s loses age xt i 64-72 56-63 | 103-117 | 28.5-32.6 | 
HuwerLeanec « s.e0$-6 | Sie Sle Oe Ga Se ele FEL Rw BRS aire NN ereNe ernie Wie metate tar omers | 73-82 ; 64=-7i | 118-133 | 32 7-36.9 | 
Sarg RSs lars saydiemn« Bell sie decom ed wears oa ope oe mee we cieas ears ; 83-92 | 72-89 | 134-149} 37.0-41.4 | 
Mace on a [ge enasises ey faimeietaee oe Mamaia tclans oem na SO SeMOON Sete oly 150-166 | a iS=c6. 1 
sige asus sla ints neat la e'Riaue-s eupidiases Bienen oe eaeceueactpeameeds eee | LOs=Ilieal 90299" | teres Gor —sOLg. 
1S Me nee eae | a sigua pig's cie.oea ome 4,06 050 aie g 2s Be ote ee OU we GEL Se ON ROO STO Sua nes aod asa 0-56.0 | 
Sages (eye ovsico ahh anette Ree ch te eet es en ee 125-136 ; 109-128 { 202-220] 56.1-61.2 | 


| | ! 
Table 36 (p.119) in R.J. List (1951):Smithsonian Meteorological Tabdles:Smitnsonian Miscell.Coll.Vo 


I, Bad 139 
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Corresponding Limits of Wind Speed 


Et/sec. 


81-93 


94-106 
107-121 
122-136 
137-151 
152-166 
167-183 
184-201 
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Table VIII demonstrates the diurnal variation of 
various recorded parameters. Hourly averages are determined by 
arithmeticallv averaging five-minute samples, except for wind 
direction averages which are computed vectorially assuming unit 
vector magnitudes. Totals in the diurnal wind direction tables 
are vector averages of the columns and rows. For all parameters, 
a Dlank entry im ene diurnal variation table indicates that less 
than hal (i.e.,whess thanme6) of the five-minute.samples .for 


that hour are present. 


All times given in the data presentation are Mountain 


Standard Time. 
To facilitate comparison of recorded concentrations to 


ambient air quality standards, the following regulations are 


presented. 
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TABLE. .IT 


FEDERAL AND COLORADO STANDARDS 


Non-Designated Designated Area 
Primary Secondary Area 1973 1976 1980 
Particulate 
Annual G. M. 75 ug/m? 60 ug/m? 45 ug/m> 70 g/m? 55 ug/m* 45 ug/m* 
24 Hr. Max.* 260 150 150 200 180 150 
Sulfur Oxides 
Annual 80(.03ppm) =~ 60(.02ppm) 25(.009ppm) 10(.004ppm) 
24 Hr. Max.* 365(.14ppm) 15(.005ppm) 300(. 1lppm) 150(.05ppm) 55(.02ppm) 
3 Hr. Max.* -- 1300(.5ppm) ~~ -- ~- -- 
1, Hr. Max.** -- -- -- 800(.28ppm) 300(.lppm) - 
Oxidant 
1 Hr. Max.* 160(.08ppm) 160 
8 Hin. “Max. * -- == 
Annual a — 
Cc 
Hydrocarbons 
3 Hr. Max.* 160(. 24ppm) 160 
6-9 a.m. 


Carbon Monoxide 
Max. 8 Hrs.* 10000 (9ppm) 10009 
Max. 1 Hr.* 40000 ( 35ppm) 40000 


Nitrogen Dioxide 


Annual 100(.05ppm) 100 


Units are micrograms per cubic meter and ppm in parenthesis. 
*Not to be exceeded more than once per year. 


**Not to be exceeded more than once per month. 
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TABLE -i£f1 
AVERAGES FOR MARCH 1 THRU 31 
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TABLE IV 
DAILY AVERAGES FOR MARCH 1 THRU 31 
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STABILITY WIND ROSE DIAGRAMS 


According to the data presented in AEC Safety Guide 
No. 23, the relationships between stability classes and dq are 
as follows (the values shown are averages for each stability 
classification...9, is the standard deviation of horizontal 


wind direction fluctuations)... 


Average Values 


Stability Pasquill Gx 

Classz fication Categories (degYees) 
Extremely Unstable A 25.0% 
Moderately Unstable B 20.00 
Slightly Unstable g £5.00 
Neutral D 10.0, 
Slightly Stable E Ce 
Moderately Stable F Pots 


Stability. winde roses sobtained at the trailers in the 


monitoring network are displayed in the following tables. 


Because of the relatively low heights above the surface (9 meters) 


at which the wind data is taken, the stability distributions are 
skewed toward the unstable end of the spectrum. That is, the 
unstable classes (A, B, and C) have a much higher frequency of 
occurrence than would be obtained with the Pasquill method of 


stability categorization (or with instruments at higher levels). 


Tab be 71 Ndepictsisthe efrequency distribution .of Pasquill 
stability categories based on oe from data collected by M. M. 
Pendergast and T. V. Crawford at the Savannah River Plant 
("Actual Standard Deviations of Vertical and Horizontal Wind 
Direction Compared to Estimates from Other Measurements", 
Symposium on Atmospheric Diffusion and Air Pollution, September 


9S Ufa innec distinct range patterns of stability class 
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RADIAN 
CORPORATION 


distributions were observed: low, mid, and high, according to 
the height at which the ore measurements were taken. 
TABLE 1 
FREQUENCY DISTRIBUTION OF PASQUILL STABILITY CATEGORIES 








stability C2 recen(es esce2 cave. 
; B C 0 E 3 G 
are Cc, S22 te <o5 <22 «32 <o, <}2 ¢& <5 Ce <s, <3 2 <7, Cie a <2 
10 87g 13.2 rae 225 2.9 6.4 a5 
25 19.3 11.2 19.4 32.2 15.9 0.7 g.5 LOW RANGE 
91 9.5 6.7 iz 21.7 255 ioe OS 
137 5.3 Ga 12 27.2 226s 12.4 5.5 MLD RANGE 
12 7.0 2.9 6.5 wa 25.9 one Menus 
24 Ti ie 9.4 17.7 275 22.3. 30.2 HIGH RANGE 
304 72 3.7 2.0 Wz 23.7 20G.4 5 Vis 


Also, Figure 1 (from D. H. Slade,»Meteorology and 
Atomic Energy, 1968, p. 52) demonstrates that the line represent- 
ing very stable conditions (which by their nature are associated 
with light winds) branches’ inte three separate: lines» near the 
ground. The curve at the left represents the smallest values of 
0 usually observed. The curve that branches’ of £.to the. right 
reflects the contribution of very low-level wind direction meander 


oO 


to the total standard deviation. These meandering oscillations 
decrease in amplitude very rapidly with height under stable 
conditions. The central curve represents typical inversion 
conditions. Actually, for a given stability condition, values of 
Tg will always be greater when the wind is light than when it is 


strong. This phenomena is most noticeable in the lowest layers. 
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FIGURE 1 


The vertical variation of the lateral wind- 
direction standard deviation (c,) for various stability 
regimes. The curves represent average or typical con- 
ditions with the exception of the two outer "very stable" 
lines, which represent extremes. 


The large surface values of co, for unstable conditions 


do not decrease very rapidly with Rebene. As in the case of 
very stable conditions, the greatest lateral fluctuations during 
a very unstable thermal structure occur with very light winds. 
As a general rule; fora given insolation condition, increasing 
wind speeds are associated with profiles of C6 that tend toward 


neutral stability. 


The majority of the trailers in the network recorded 
very light winds throughout the month. Therefore, the stability 


distributions had a predominance of high co, values and, hence, 


C) 
unstable classifications. Those trailers with the highest 
average winds (and fewest nearby obstacles to the flow) generally 
had the more reasonable and representative low-level stability 


Class GiStreLbuctions. 
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Te GENERAL DESCRIPTION OF AIR MONITORING PROGRAM 


RadiamiComperation, uider contrace to the C-b Oil 
Shale Project, is performing the data compilation and reporting 
of air quality and meteorological data at one monitoring site 
in Northwest Colorado. The site measures and records concen- 
trations, Of particulates, sultur dioxide, joxides of nitrogen, 
hydrogen sulfide, total hydrocarbons, methane, and carbon 
monoxide. A 200-foot meteorological tower provides wind 
direction, wind speed, temperature, and relative humidity data 
at four levels (8, 30, 100, and 200 feet). Other meteorological 
variables measured at the tower site are insolation, barometric 


pressure, and precipitation. 
Figure I shows the configuration of the monitoring 


station. The station provides a sturdy and protective covering 


for the monitoring equipment. 
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Ede DESCRIPTION OF INSTRUMENT SYSTEMS 


A. Air Quality Instrumentation 


Nitrogen oxides are measured with a Meloy Model NA520 
analyzer. This dual-channel analyzer is based on the chemilu- 
minescent principle and continuously monitors both NO, and NO. 
A subtraction circuit in the instrument provides a continuous 
NO, output, but is not used in Radian's system. NO, is cal- 
culated once a second by the computer by subtracting the NO 
value from the NO, value, thus avoiding any drift which. might 
occur in the NO, output of the instrument. This instrument has 
a minimum detectable sensitivity of 5 ppb (parts per billion) 
andway Linearity, oc. 2 1/.. 


Both sulfur dioxide and hydrogen sulfide are measured 
with Meloy Model SA185 sulfur analyzers. The hydrogen sulfide 
analyzer uses a Meloy Model NO,-1 sulfur dioxide scrubber and 
the sulfur dioxide analyzer uses a Meloy Model H.2S-l hydrogen 
sulfide scrubber. The Model SA185 is a continuous analyzer and 
utilizes the flame photometric principle of operation. The 


minimum detectable sensitivity is 5 ppb and the linearity is +1%. 


Ozone is measured with a Meloy Model OA350 analyzer. 
This instrument, based on the chemiluminescent principle, pro- 
vides continuous measurement of ozone. The minimum detectable 
Sensltivityiis, 0 .S ppbyand, the linearity is +17. 


Total hydrocarbons, methane, and carbon monoxide are 
monitored with a Bendix Model 8200 gas chromatograph analyzer. 
This instrument, which uses a plume ionization detector, has a 
minimum detectable sensitivity of 5 ppb for all three components. 
The Model 8200 works on a five-minute cycle, i.e., one air 
sample is analyzed every five minutes, and the results are dis- 


played for five minutes via a sample and hold circuit. 


iT B-1327 


RADIAN 


CORPORATION 





The air sample is drawn in through a glass cane and 
manifold supplied by the Ace Glass Company. The system has a 
25mm diameter, through which a constant air flow is provided 
by an air pump rated at 60 cfm at 0" head pressure. The manifold 
has sampling ports to which 1/4" teflon lines to the instrument 
are connected. All joints in the sampling system are secured by 
O-ring compression fittings. The manifold is contained in a 
heated (100°F) chamber to prevent condensation of moisture. The 
teflon lines from the manifold to the instruments are insulated 
with 1/8'' wall thickness rubber tubing. 


The trailer has four heavy duty high volume particu- 
late samplers (Hi-Vols). Fiberglass filter paper is used for 
the collection of particulate samples, after which each filter 
is brought to a controlled humidity before weighing. Each Hi- 
Vol has a flow recorded to permit correction for changes in air 
flow as the filter becomes loaded with particulates. Each Hi- e 
Vol runs for a 24-hour period (midnight to midnight) and is 
turned on and off by the computer. The Hi-Vols, which were 
manufactured by Radian, were designed following guidelines re- 


commended by the Environmental Protection Agency. 


In addition to the normal Hi-Vol particulate samples, 
a duplicate Hi-Vol sample is collected every sixth day on 
special filter paper for trace element analysis. Once each 
quarter these samples are composited and analyzed for gross 
radioactivity and trace element content. 


B. Calibration Procedures 
The trailer contains a Meloy Model RAD-1 calibration 


unit. This instrument provides a zero air supply, SO, span gas 


rom an SO, permeation tube, and NO span gas obtained by precisely 
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diluting bottled NO span gas. The computer-controlled 

calibration of all instruments is automatically performed once 

a day ma bachminstrumentems (firs switched)to:zero;. the. computer 
monitors the output of each channel and takes a new zero reading 
after a stable zero signal has been reached. This zero reading 

is compared by the computer to the zero reading obtained 24 hours 
before: 6 ands ifjavderftoinmexcessiofsi0 ppb, hasnoccurred;» an 

excess zero drift light for the channel in question is turned on 
on the System Status Panel. Next, span gas is supplied to each 
channel and the computer decides when a stable span value has been 
reached. This value is recorded and compared to the previous day's 
valueisy Am excess) span idmitt! Light on the, System Status, Panel is 
turned on if a drift exceeding 10 ppb occurs. The instruments are 
then returned to the monitor mode and after two minutes the com- 


puter resumes data taking. 


The bottled NO gas used at each site was obtained from 
Precision Gas Products. Pre-purified grade hydrogen is used in 
the SO, analyzers. 


The SO, permeation tubes were manufactured by Metronics 
Association, Inc. Their output has been verified by comparison 
to the output of National Bureau of Standards tube 10-42. Both 
SA185 analyzers in each trailer are calibrated with the SO, from 
the permeation tube. This instrument responds to the number of 
sulfur atoms per molecule; thus, SO, can be used to calibrate 
both: the. H, Sand SO>- monitors. 


The Model OA350 ozone analyzer has its own calibration 
system which provides a zero check and a span check. The ozone 
calibration system is verified by comparison to a calibrated 


ozone generator maintained in Radian's laboratory in Rifle. 
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The Model 8200 total hydrocarbon, methane, and carbon 
monoxide analyzer is calibrated with undiluted span gas obtained 
from AirCo's Rare and Specialty Gas Division. This span gas con- 
tains methane and carbon monoxide in air, the methane being used 
to calibrate both the total hydrocarbon channel and the methane 
channel. The Model 8200 is zeroes with air from a Bendix Model 
8834 zero air unit. In addition, the instrument is electronically 


re-zeroed at the start of every five-minute cycle. 


The Hi-Vol particulate samplers were calibrated using 
a Calibration Kit from General Metal Works. 


Ge Data Acquisition System 


The basis of the data acquisition system is a Data 
General NOVA 1200 minicomputer. The NOVA, which has a basic 
cycle time of 1.2 psec, is equipped with automatic program load € 
and power fail/automatic restart features. The computer utilizes 
16K 16-bit words of core memory. Analog-to-digital conversion 
is accomplished via an ADC built by Radian Corporation. «|The 
input/output unit for the system is Texas Instrument's KSR 733 
keyboard/printer. This model teletype provides keyboard entry 
and hardcopy printed output. The data are also recorded on a 
cassette magnetic tape unit with three drives. The cassette 
unit is utilized for program storage and loading as well as for 
recording. To reduce wear on mechanical parts, the power to the 
teletype and cassette units is turned on only when the unit(s) is 
(are) to be used. Several important functions in the instruments 
as well as in the computer and the trailer are monitored by means 
of lights on a System Status Panel. These data lights are written 
onto cassette tape to monitor the complete status of the system 
every five minutes. The Data Acquisition System also monitors 
the presence of 100V power from the power lines. In its absence, 


the computer, which is powered by batteries, switches all trailer 
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systems to battery-provided power. If the line voltage is 
restored before the batteries are discharged to a specified 


level, the trailer system is switched back to line power. 


De Meteorological Instrumentation 


200-Foot Meteorological Tower 


The tower has instrumentation at four levels: 8 feet, 
30 feet, 100 feet, and 200 feet. At all four levels, there are: 
wind speed, wind direction, and temperature and relative humidity 
sensors in a power-aspirated radiation shield. Temperature 
difference thermistors (also in power-aspirated radiation 
shields) and their associated circuitry take lapse rate measure- 
ments for the 30-foot to 100-foot Layer and the 30-foot to 
200-foot layer. In addition, this site has a Precision Spectral 


Pyranometer, a barometer, and a tipping bucket rain/snow gage. 


The wind direction and speed apparatus used at each 
measurement level of the tower is the Model 1074-2 wind sensor 
by Meteorological Research, Inc. (MRI). This sensor has a 540° 
potentiometer for wind direction and a light chopper for wind 
speed. This sensor is rugged, with an all-weather coaxial cup 
and damped vane assembly. The prototype model has been in 
operation for years under the most demanding weather conditions, 
performing continuously with the utmost reliability. The wind 
sensors on the tower have been specially treated with a black 
paint which will promote warming of the exposed surfaces of the 
sensor and thereby reduce ice and snow accumulations on the 
moving parts of the apparatus. The specifications on the Model 
1074-2 are as follows: 
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Wind Speed 


Starting Threshold} *0-. 75 mptr. 

Response Distance: 18 feet (63% recovery). 

Flow Coefficient 7 -9 fect /Revolutioni. 

Accuracy: +0.4 mph or 1% (whichever is greatest) 


Wind Direction 


Starting Thresholds" 0.75 mph. 

Delay Distance: 4 feet (50% recovery). 
Damping ‘Ratio 51025: £o) OG" 

Accuracy (540° system): +1%. 

Range: 0° to 540°. 


The relative humidity and temperature sensors are 
mounted within a power-aspirated radiation shield at each tower € 
level. All aspirators and sensors are of the Model 840 Series 
by MRI. The aspirated shielded housing is designed to provide 
maximum radiation protection to the sensor. Ambient air is 
drawn into the shield and across the sensors at approximately 
15 feet per second. This intake air is essentially sampled 
from a hemispherical space which is approximately 3-inch radius 
from the tube opening. Speed of the incoming air at the 


perhiphery of this hemisphere is approximately 1 mph. 


The temperature sensor is comprised of a dual thermistor 
and resistor network. ‘This circuit provides’ a linear resistance 
change with an air temperature change. The relative humidity 
sensor is placed alongside the temperature elements inside the 
shield where it is exposed to a constant sflowtot*aire= Circulation 
to both sides of the sensing element produces accurate monitoring 
with a good response time. The specifications on the sensing ele- é 
ments are as follows: 
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Temperature 


Accuracy: +0.25°C. 
Range: -50°C to +50°C. 


Humidity 


Accuracy: £3207" RH. 
Range: 0% to 100% Relative Humidity. 


Measurements of temperature difference are taken for 
two Layers, the 30-foot to 100-foot and the 30-foot to 200-foot 
layer. The thermistors and circuitry used for these measurements 
are separate from the thermistors measuring air temperature. The 
use of separate thermistors and circuitry to measure AT allows 
for much greater accuracy and resolution in the measurements, 
which is necessary for stability assessments. Two AT thermistors 
are at the 30-foot level, one is at the 100-foot level, and one 
is at the 200-foot level. All of these AT thermistors are mounted 
within power-aspirated radiation shields. The specifications on 
the AT instrumentation are as follows: 


Accuracy: +0.1°C. 
Range of AT Circuit (Lower Level-Upper Level): 
+9F° to -9F°. 


All instrumentation, except at the ground level, is 
mounted at the end of 12-foot retractable booms. These booms 
are 3-inch~ box beams which “are “on “rollers “and “can be retracted 


to the instrument platforms for instrument maintenance. 
The meteorological tower itself is a 200-foot Rohn 


Model 80 Guyed Tower, designed for 40 pounds per square foot 
wind load with %" of radial ice per EIA Standard RS-222-B, to 
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support four levels of meteorological equipment. The material @ 
consists of tower sections with a tapered base, three retractable 
booms 12-feet long, three outside work platforms, an inside 

ladder for climbing, two base ground kits and one anchor ground 

kit. The cable-type Safety Climbing Device consists of a cable 

and attachment mechanisms with a locking sleeve and safety belt. 


The tower is lighted and painted according to FAA specifications. 


The signals from the tower instrumentation are fed 
from multiple signal cables into transmitters mounted at the base 
of the tower. After signals have been converted to analog 
signals, they are fed into a junction box, also at the tower 
base, where they are assimilated into one coaxial cable. The 
signals -are, then run underground within 3” PVC conduit _to the 
A-to-D assembly, where they are processed. The transmitters are 
shielded and insulated from the elements. The signal cable is 
run underground in PVC conduit in order to minimize damage from © 


the weather or from various rodents in the region. 


The auxiliary equipment at the tower site consists of 
a heated tipping bucket rain/snow gage, an analog barometer, 
and a Precision Spectral Pyranometer. The rain/snow gage is the 
Model P511-E unit by Weather Measure. In the case of this gage, 
the durability and reliability of a tipping bucket gage are 
combined with heavy-duty electric heaters to make this an all- 
purpose precipitation sensor. This gage may be used to measure both 
snowfall and rainfall. An insulating.cover of poly-vinyl chloride 
and a thermostatic control insure the proper gage temperature. 
The, thermostatic .controel-is ,.adjustable.from.0-te 357 Ca.. Snow 
falling into the inlet funnel is melted. The resulting water 
(from rain or snow) drains into a precision tipping bucket 
mechanism which activates a mercury switch each time the bucket 
Fills and. tips.-~-The. gage is ecenstructed) of durable. corrosion- 


resistant materials to provide many years of service. The q 
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specifications for this gage are as follows: 


Gri tices (6. inches: 

Galabration: | 0 01 neh: 

Recuvacy: O25. (Caliprated at 0.5 in/hr).. 
Sensor: Chrome-plated tipping buckets. 

Switch: Mercury, 0.1l-second closure. 

Heat Control: Thermostat adjustment, 0 to 3oGe 


The barometer is the B242 Analog Output Barometer by 
Weather Measure. This barometer provides an output voltage that 
is linearly proportional to pressure. The specifications on this 
instrument, which is mounted inside the monitoring trailer at the 
site, are as follows: 


Range: Specially designed for the 100 millibar 
interval from 725 millibars to 825 millibars. 
Resolution: Infinite. 

Linearity:  2+0.5 millibar, over the 100 millibar 
interval. 


The pyranometer at the site is the Eppley Precision 
Spectral Pyranometer. This instrument is used for the measure- 
ment of sun and sky radiation totally or in defined wavelength 
bands. The pyranometer is levelled and mounted atop a wooden 
stand 4% feet from the ground surface. Care has been taken to 
eliminate the effects from all outside influences, such as 
reflection or shadows, on the pyranometer. The instrument 
characteristics are as follows: 


Sensitivity: 5 mv. per cal/cm°/min. 
Independence: 300 ohms. 

Temperature dependence: Sensitivity constant to 
within +l percent over the ambient temperature 
range from -20 to +40°C. 
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Linearity: Response linear up to intensities 
of 4 cal/em+/min. 
Response time: 1 second (i/e signal). 


All instrumentation is factory-calibrated and is field- 
calibrated at various intervals. Sling psychrometers are used to 
calibrate the humidity sensors; known temperatures and/or resis- 
tances are used to calibrate the thermistors; and an rpm cali- 
brating unit is used to calibrate the anemometers. The wind 
direction instrumentation is aligned to true north (reference 


direction) by means of a surveyor's transit. 
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EEE. MICROMETEOROLOGICAL AND TERRAIN FEATURES 


The Piceance Creek Valley and C-b Shale Oil Tract are 
situated such that many microscale meteorological phenomena 
affect the region where the ambient air monitoring unit is located. 
Trailer 023 and its associated 200-foot meteorological tower are 
located atop a plateau to the south of the valley, high enough 
to be affected mostly by gradient flow conditions. 


The elevation at the meteorological tower site (Trailer 
023) is 6940 feet above sea level. The largest gradients in eleva- 
Elon jin. this area, of course, .occur at the Piceance Creeki Valley 
walls. However, the northern valley walls are slightly steeper 
than those at the southern boundary of the valley, which then 
slopes upward gradually toward the C-b Tract. The Piceance Creek 
Valley decreases in elevation from east to west in this area, so 
that nighttime katabatic cold-air drainage flows advect from east 


EO: wes E;. 


Site 023 is approximately 2.5 miles south of the 
Piceance Creek Valley. This location is relatively high com- 
pared to its surroundings, with the nearest point having an eleva- 
tion greater than 7000 feet being .5 miles to the south of the 
tower. The tower itself is on the top of a small knoll located 
between Scandard and Sorghum Gulches. Because of its location 
and the irregularities of the surrounding terrain, meteorological 
patterns are varied here. 


Wind instrumentation is mounted at four levels of the 
meteorological tower: 8 feet, 30 feet, 100 feet, and 200 feet. 
The top level of the tower generally remains in gradient wind 
flow. That is, the winds at that level are normally generated 
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by synoptic-scale features and are usually separated from terrain os 
features and micrometeorological circulations. Occasionally, a 

weak anabatic flow influence is experienced. However, such is not 
the case with the three lowest measurement levels. To varying 
degrees, these levels are influenced by both the katabatic and 
anabatic circulation cells. However, when strong pressure gradient 
forces exist in the region and the synoptic~scale wind flow is 
strong, all four tower levels will reflect a gradient wind flow as 


the winds increase in strength and height. 


The terrain atop the plateau is generally barren and 
fairly rugged, with a few scattered small trees. The topsoil 
dries rapidly and is very fine, resulting in blowing dust when 
dry, windy conditions exist. In the Piceance Creek Valley, the 
terrain is fairly grassy and flat, with steep valley walls on 
either side. Surface winds are normally rather light in this 
valley unless channeling effects occur. 

e 

During clear nights with rather light pressure gradient- 
induced winds, rapid radiational cooling will occur in the region 
because of the barren nature of the terrain and the generally 
dry character ofthe air in this portion of the country.~ Ase a 
result, the diurnal range of temperatures will be extremely 
large. Because of the katabatic flow in the valley, nighttime 
temperatures will generally be lower in the valley than on the 
plateau. During the winter, especially, temperatures in the 
valley may be 20F° lower than they are on the plateau during the 


early morning hours. 
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Tes OPERATING TIME ANALYSIS FOR EACH SITE 


This section presents the operating statistics for 
each of the major subsystems contained in the monitoring station. 
Table I shows the specific number of hours that each of these 
subsystems were inoperative for the month. The colum labeled 
"DIGITIZING SYSTEM" indicates the entire data acquisition system; 
therefore, downtime hours appearing in this column means total 
loss of data. These instances include, in addition to computer 
downtime, power failures, no power available, and self-~automated 


shutdown periods such as during air conditioner malfunctions. 


Calibration time is not considered to be downtime and 
is, therefore, not included in the downtime figures. The amount 
of time used in calibrating the instruments is given at the 
bottom of the downtime analysis table and is reported as total 
calibration hours for each channel for the entire month. As is 
evident in the calibration figures, channels can be calibrated 
independently of one another. No calibration time is given for 
particulate monitoring since Hi-Vol calibration occurs infre- 
quently and only during the off-duty cycle for each Hi-Vol 
while another Hi-Vol is taking data. 
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V. MONTHLY METEOROLOGICAL SUMMARY 


aroN 


A. Summary Of Ehe Meteorological Conditions over North 
America during April 1977 


April 1977 was warmer than normal for all but the most 
southerm part of the United States. The Southeast and Southwest 
experienced near normal temperatures. Variable monthly precipi- 
tation totals characterized most sections of the country. The 
polar front jet stream weakened and was oriented much further 
north than during the winter months preceding April. The mean 
long-wave circulatory pattern for April was nearly zonal. This 
differs from the ridge-trough patterns during the preceding 


winter months. 


The long-wave circulation was zonal on the lst, from 
the 5th through the 9th, and from the 27th through the 29th. 
splie flow occurredson the 13th; the 5th through l/th, and from 
the 2lst through the 23rd. Meridional flow occurred from the 2nd 
through the 4th,. from the L0th through the 12th, on the 14th, 
from the 18th through the 20th, from the 24th through the 26th, 
and on the 30th. 


The frequency of extratropical low pressure systems was 
normal during April. These low pressure systems mostly affected 
the region from the Rockies eastward through New England. The 
dates and locations of these low pressure systems were as follows: 


Psiter Rockies 

2nd: Rockies, Great Plains, Great Lakes 

3rd: Great Plains, New England 

4th: Great Plains, Great Lakes 

Sen: Great Lakes, Atlantic Seaboard, New England 

(en: Great Lakes 

8th: Great Lakes, New England, Pacific Northwest 
West Coast 
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Sen: 


Perr: 
wth 
Le: 
Léth-: 
iSen: 
20th: 
Z2nG: 
ZI0e 
24th: 
25th: 
26th: 
24 ths 
Zeeis 


Great Lakes, New England, Pacific Northwest 


West Coast 
Rockies 
Rockies 
Great Plains 
Rockies 
Rockies 
Great Plains 
Southeast, 
Great Lakes, Atlantic 


Great Lakes 


Seaboard 


Great Lakes, Atlantic Seaboard, New England 


New England 
New England 
Great Lakes 


Great Lakes, New England, Great Plains 


On a sectional basis, the following temperature and 


precipitation anomalies occurred during April: 


Section 


Northeast 


Atlantic 
Seaboard 


North Central 


Central 
Southeast 
Southwest 
Rockies 


West and Pacific 
Northwest 


Temperature 


Slightly above normal 
Above normal 


Much above normal 


Above normal 
Near normal 
Near normal 
Much above normal 


Above normal 
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Precipitation 
Slightly above normal 


Near normal. 


Variable; mostly below 
normal 


Slightly below normal 
Variable 

Much 
Below normal 


above normal 


Very much below normal 
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B. Summary of the Meteorological Gonditions in 
Northwestern and West Central Colorado during 
Aa ho 77 


Grand Junction, Colorado, sixty miles to the south- 
southwest of the Tract C-b, received a total of 0.54 inch of 
precipitation during April, which is 0.25 inch below the monthly 
normal of 0.79 inch. Grand Junction received 1.7 inches of snow 
during April. Measurable precipitation occurred on the lst, 2nd, 
MMWen. “hth sch 20th Stand the’ 2Sth. “the region received 77 
percent of the possible monthly sunshine. Sky cover by cloudiness 
averaged 5.1 out of a possible 10 during the daylight hours and 
4.4 outsofeaspossiblel10!duringothépentire,month. <The region had 
nine clear days, twelve partly cloudy days, and nine cloudy days 


during the month. 


Air mass changes were less frequent during April than 
March. Only four frontal passages occurred during April as the 
polar front jet stream weakened and moved further north. MTrans- 
port winds over the region as a whole were approximately the same 
strength as those during March. Maritime polar cold frontal 
passages occurred on the 10th, 14th, and the 18th. A continental 
polar cold frontal passage occurred on the 2nd. 
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C. Summary of the Meteorological Conditions in the 
' Qil Shale Tract C-b Region during April 1977 


The northward movement of the polar front jet stream 
was responsible for the decreased frequency of cold frontal 
passages during April. Precipitation occurrences were as 
numerous during April as March. Precipitation occurred on the 
2nd; -llehyel2Zth, P3sengosehe len! andsthe 27th. ey lemperdturces 
in the Tract C-b region were above normal during April. 


Four cold frontal passages occurred during April. 
Maritime polar cold frontal passages occurred on the 10th, 14th, 
andthe L8th. “A'éontinental polar cold’ frontalopassage 


occurred on the 2nd. 


The monthly average temperatures recorded at the 
meteorological tower during April were: 42.0°F at 8 feet; 
43.4°F at 30 feet; 43.0°F at 100 feet; and 42.3°F at 200 feet. 
These averages are approximately 16°F higher than those recorded 
in March. The warmest days of the month were the 9th, 10th, 
the 23rd through the 26th; ‘and the 29thvand 30this Thescoolest 
days were the lst through the 3rd, and the 19th. The highest 
temperature recorded at the meteorological tower during April 
was 69°F at the 8-foot level on the 30th. The coldest tempera- 
ture recorded at the meteorological tower was TIF at the 200= 


foot level on the morning of the 3rd. 


Monthly average relative humidities during April were 
approximately the same as those in March in the Tract C-b region. 
This similarity can be attributed to increases in monthly 
average temperature and moisture. At the meteorological tower, 
the monthly average relative humidities were: 67.2 percent 
at 8 feet; 66.7 percent at 30 feet; 68.4 percent at 100 feet; 


and 66.4 percent at 200 feet. These relative humidities 
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correspond to dew points of 32°F, 33°F, 33°F, and 32°F, 
respectively. The most humid days of the month were the 2nd, 
12th, 15th, 16th, and the 19th. The driest days were the 9th, 
L0teh 22nd, “and “the 23rd: 


Wind speeds on the meteorological tower during April 
were weaker on the average than the winds that prevailed during 
March. Resultant wind vectors at the meteorological tower 
during March were as follows: 241.4 degrees at 1.5 miles per 
hour at 8 feet; 231.7 degrees at 2.0 miles per hour at 30 feet; 
231.5 degrees at 2.0 miles per hour at 100 feet; and 244.4 


degrees at 2.4 miles per hour at 200 feet. 


The scalar average wind speeds associated with these 
resultant wind vectors were os.) 6187) and 6 miles sper hour; 
respectively. The Ekman spiral and Ekman effect, i.e., a 
veering in direction and increase in speed as a function of 
increasing height above the surface, were in evidence during 
most of April. A reference to the April wind rose for the 
meteorological tower indicates that the winds at the 8- and 30- 
foot levels were primarily southwesterly and south-southwesterly. 
At the 100- and 200-foot levels, winds were primarily north- 
westerly with a high percentage of south-southwesterly winds in 
addition. 


The windiest days of the month at the meteorological 
tower were the 9th, 10th, 14th, and the 18th. The days having 
the lightest winds’ were the Sth,-.7th; 16th e/Zist., 22ndjo and: the 
23rd. The highest five-minute average wind speed recorded at 
the tower during April was 33 miles per hour at the 200-foot 
level on the llth. 
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Precipitation totals impthe Tract, €-b Monitoring 
Network during April were generally below normal. The total 
number of precipitation occurrences were the same during April 
as during March. 


Only 0.50 inch of precipitation was recorded at the 
meteorological tower during April. The largest daily precipi- 
tation total recorded in the network during April was 0.13 inch 
on April 15th. The greatest five-minute precipitation total 
recorded during the month was 0.02 inch (a precipitation rate of 
0.24. inch/hour) ;-recorded om,the-Illth.and the L3th.. Measurable 
precipitation (>.01 inch) was recorded at the meteorological 
twoer on the 2nd, Lich, i2th. 13th. 15th fiGen= and. the 27th. 
The ipreecipitation. on. the,lleh.and 27th.was.in the Eerm of rain. 


All other precipitation occurrences were in the form of snow. 


The monthly average station pressure during April was 
789.3 millibars at: the meteorological, tower. ~Thissreading is 
5.4 millibars higher than the March average station pressure of 
783.9 millibars. The highest daily average station pressure 
occurred on the 6th, 7th, 23rd, and the 24th. The lowest daily 


average station pressures occurred on the lst and 2nd. 


Cloudiness decreased slightly in the Tract C-b region 
during April, compared to the March cloud cover and insolation 
statistics.:o The regiom received an,.insolation total of 12,864.5 
langleys, which is equivalent to a daily average insolation 
total of 429 langleys/day. This average is below the normal for 
April of 540 langleys/day in the Tract C-b region. On a diurnal 
basis, the greatest solar radiation rates occurred between 1200 
and 1300 hours. The greatest daily radiation totals were re- 
ceived on the 8th;. 9th, L0th,. 14th, 22nd) 23rd. .246h. and) the 
30th. The lowest daily solar radiation totals were received on 
the 2nd, 12th, 15th, 19th, and the 27chs. the gredeest five-minute © 
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radiation total received during April was 7.85 langleys (a 
Edtemor lo5/ laneleys/minute), whieh occurred om the 13th. The 
largest hourly insolation total received during April was 81 
langleys, which occurred on the 14th between 1200 and 1300 hours 
and on the 30th between 1100 and 1200 hours. 


Because of the progressively increasing solar elevations 


and the increasingly longer periods of daylight that prevailed 
during April, the total possible solar radiation which could be 
received during a day increased monetonically throughout the 


monenh . 


The slight decrease in cloudiness which affected the 
Tract C-b during April caused the "very unstable" and "slightly 
unstable'' stability classes to become more common than they had 
been in March. Using the Pasquill method of stability deter- 
mination, "D'' stability (neutral stability) was the most common 
Stability, oceusring during 156 daytime hours, or 40.2 percent 
@£ the time. Im decreasing order of frequency, “C" (slightly 
unstable) Stability oceurred during 146 hours, or 37.6 pereent 
of the time, and "'B" (very unstable) stability occurred during 
85 hours, or 21.9 percent of the time. "A" (extremely unstable) 
stability occurred during only one daytime hour. 


Using the lapse rate method of stability determination 
(D. ene “very unstable 2's). amd neutral “("D"): “stability 
classes were the most prevalent during April. In general, 
stable and/or neutral conditions prevailed during the nighttime 
hours and unstable and/or neutral conditions prevailed during 
the day. The following table is a diurnal breakdown of the 
various stability classes. As one proceeds from "A'' to "F", 
the stability class ranges from extremely unstable to extremely 
stable. The columm labeled "number of occurrences" indicates 


the number of times a particular stability class occurred during 
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Precipitation totals in the Tract C-b Monitoring 
Network during April were generally below normal. The total 
number of precipitation occurrences were the same during April 
as during March. 


Only 0.50 inch of precipitation was recorded at the 
meteorological tower during April. The largest daily precipi- 
tation total recorded in the network during April was 0.13 inch 
on April 15th. The greatest five-minute precipitation total 
recorded during the month was 0.02 inch (a precipitation rate of 
0.24 inch/hour) ; recorded. om,the llth and the 13th. Measurable 
precipitation (>.01 inch) was recorded at the meteorological 
twoer om the 2nd, llth. 2th, .3eh, . Sth 19tns andytne 27 cn. 
Theprécipltation,on.the,lilth.and 27/th.was.in the form of rain. 


All other precipitation occurrences were in the form of snow. 


The monthly average station pressure during April was 
789.3 millibars at the meteorological tower. This reading is . 
5.4 millibars higher than the March average station pressure of 
783.9 millibars. The highest daily average station pressure 
eccurred om the 6th;s 7thie 23rd/.and whe-24th. The lowest daidy 


average station pressures occurred on the lst and 2nd. 


Cloudiness decreased slightly in the Tract C-b region 
during April, compared to the March cloud cover and insolation 
statistics. The region received an insolation total of 12,864.5 
langleys, which is equivalent to a daily average insolation 
total of 429 langleys/day. This average is below the normal for 
April 'of:.540 ijlangleys/ day, an,.the, Tract. /C-b. region.) One a diurnal 
basis, the greatest solar radiation rates occurred between 1200 
and 1300 hours. The greatest daily radiation totals were re- 
ceived on the 8th, 9th, 10th,. 14th, 22nd.) 23rd. 424eh) and. the 
30th. The lowest daily solar radiation totals were received on 
the 2nd, 12th, 15th, 19th, and the 27th... The eresatest five-minute. © 
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radiation total received during April was 7.85 langleys (a 

rate of 1.57 langleys/minute), which occurred on the 13th. The 
largest hourly insolation total received during April was 81 
langleys, which occurred on the 14th between 1200 and 1300 hours 
and on the 30th between 1100 and 1200 hours. 


Because of the progressively increasing solar elevations 
and the increasingly longer periods of daylight that prevailed 
during April, the total possible solar radiation which could be 
received during a day increased monotonically throughout the 


month. 


The slight decrease in cloudiness which affected the 
Tract C-b during April caused the "very unstable” and "slightly 
unstable" stability classes to become more common than they had 
been in March. Using the Pasquill method of stability deter- 
mination, "D" stability (neutral stability) was the most common 
Stabiluey, occucring during 156 daytime hours, or 40:2 percent 
Gf the tame. | Inedecrneasrme, onder Gf frequency, “C" (slightly 
unstable) Stabriatye occumred during 146 hours, or 37.6 percent 
of the time, and "B" (very unstable) stability occurred during 
85 hours, or 21.9 percent of the time. "A'' (extremely unstable) 
stability occurred during only one daytime hour. 


Using the lapse rate method of stability determination 
(D): che “every uns cable! 6B '):, and neutral (€'D") stability 
classes were the most prevalent during April. In general, 
stable and/or neutral conditions prevailed during the nighttime 
hours and unstable and/or neutral conditions prevailed during 
the day. The following table is a diurnal breakdown of the 
various stability classes. As one proceeds from "A" to "F", 
the stability class ranges from extremely unstable to extremely 
stable. The columm labeled "number of occurrences" indicates 


the number of times a particular stability class occurred during 
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the month lon am hourly basus Yolbevel ot presents the temperature 
change versus height values (| that were considered between 
30° feet and L00™ fect. Level IL indicates the values that were 


considered between 30 feet and 200 feet. 


Using the standard deviation of the horizontal wind 
(a4) method of stability determination, "E" stability was the 
most common stability classification at the meteorological tower. 
The stability distributLtons for the 30->° 100>, \and"200~-foot 
levels were similar. The 8-foot level of the tower exhibited 
higher percentages of the unstable classes because of excessive 


mechanical turbulence. 


The bivane at the 200-foot level of the meteorological 
tower indicated a pattern of upward vertical motion (negative 
vertical directions) during April. Upward vertical motion was 
more pronounced during the daytime hours at the 200-foot level. 
Upward motions were less pronounced at the 200-foot tower level 
during the early morning hours. The bivanes at the 30- and 100- 
foot levels were removed in late March due to instrumentation 


problems. 


The ore value obtained at the 200-foot level using the 
bivane compared favorably with the oe value obtained at that 


level using the standard wind instrumentation. 
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VE. DATA PRESENTATION AND SUMMARY S 


This section includes summaries for various recorded 
data at the monitoring sites. The data presentations indicate 
the variability of pollutant concentrations and meteorological 
parameters with location and time. In addition, the presenta- 
tions indicate. the,functional. dependence.of: pollutant jconcentra- 
tion with wind direction. All data except suspended particulates 
(24-hour samples) are sampled once each second, but recorded as 
five-minute arithmetic averages of the one-second samples. This 
averaging technique tends to smooth instantaneous maximum values, 
and is especially evident when comparing wind gusts to local 


weather bureau data. 


Inherent to any data acquisition system is random noise 
both from the recording instruments and quantization in the ana- 
log-to-digital conversion. The lower threshold for all analytical @ 
instruments is twice the maximum noise level generated by the 
instruments. This lower threshold is 5 ppb for all instruments, 
except: fory the ezone analyzer, forrwhich, itis 0.5,0pb. . There- 
fore, any values appearing in the data presentations that are 
less than 5 ppb indicate only a trace of pollutant in question 
and should not be construed to be. absolute levels. In addition, 
the recorded quantity is simply random noise and averages tend 
toward zero. Thus, when concentrations are below the lower 
threshold of the analytical instruments they may appear as a 
zero entry in the data presentation which does not indicate 


absolute zero concentration. 
All pollutant data (except. for“particulate data) is 


taken at the monitoring site in integer parts per billion (ppb) 


but is presented here in micrograms per cubic meter (yg/m’*) 
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assuming standard temperature and pressure of 25 C eard 2760 mmHg 
(O13 2 miliibars),-respectively: “The~scale factors: required 
to convert pug/m* at standard conditions back to ppb for the 


various pollutants are given in the following table. 









TO CONVERT ug/m? AT 25°C 
AND 760 mmHg TO ppb MULTIPLY BY 






POLLUTANT 





The units of the meteorological parameters are given in 
the table. It should be noted here that inside temperature is 
monitored and recorded as a functional part of the system but is 
not presented inthis’ report! 


Table III displays the monthly statistics for each 
MON LECTIN ess EateLomulor). the: monthy. (jlo; imsure, statistical sig- 
Hiticance’,, and ito reduce ithe sossibility .of introducing. a bias 
in the presentation, averages are computed only when at least 
50 percent of the samples are present, except for relative 
humidity and temperature, in which case 75 percent of the samples 
are required. If less than the required samples are present for 
a particular parameter, that entry will be blank. The number of 
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samples present for a particular channel is defined as the total 
possible number of five-minute samples for the averaging time 
less the computer downtime less the channel downtime less the 
channel cakibrationytimes the averages in’ Table £ik@are arien— 


metic averages with the following exceptions: 


e Wind speed and wind direction are 
computed using a vector averaging 
technique where the wind speed is 


treated as the vector magnitude. 


- Particulate averages are computed 


as the geometric mean. 


Table IV displays the daily averages. Again, 50 percent 


of the five-minute samples are required in order to compute an 


average except for the cases of relative humidity and temperature 


which require 75 percent. A blank entry indicates an insufficien# 


number of five-minute samples present for that day. Wind speed, 
wind direction, and particulate averages are computed the same 


way as described in Table III. 


Table V presents the maximum daily five-minute average 
retained in the data base as well as the time of occurrence. A 
five-minute maximum average is printed if any samples are present 
for that day. Therefore, the maximum five-minute average for a 
channel which experienced considerable downtime or calibration 
time during the day in question may be misrepresentative of the 


maximum expected for that channel on that day. 
Table VI indicates the five, largest averages for 


various averaging times. The table shows the period of time 


covered by the average. Maxima are chosen so that time segments 
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are independent. The maximum averages reported are found using 
a 'sliding average’ technique with the exception of the 24-hour 
particulate average, which is computed from midnight to midnight. 
For averaging times less than or equal to three hours, the slid- 
ing average is stepped one five-minute sample at a time. For 
longer averaging times the step size is twelve samples or one 
hour. For averaging times less than or equal to one hour 100 
percent of the five-minute samples must be present to compute 

an average. Averaging times greater than one hour require 90 
percent. Whether or not a sliding average is computed is solely 
determined by the number of samples present in that averaging 


time and is independent of daily and monthly averaging criteria. 


To demonstrate the functional dependence of recorded 
parameters upon wind direction, Table VII shows pollutant con- 
centration displayed in a bi-variate distribution with wind 
direction. The tables display the total number of five-minute 
samples occurring in each concentration and wind speed class. 
The mean concentration for all samples occurring in each wind 
class are also shown. This distribution demonstrates the 
dependence of high pollutant concentrations upon wind direction. 


Appendix A shows the stability wind rose diagrams. 


The wind speed classifications used in Appendix A are 
based on the Beaufort wind scale classification system. This 
is a system of estimating and reporting wind speeds, invented in 
the early nineteenth century by Admiral Beaufort of the British 
Navy. It was originally based on the effects of various wind 
speeds on the amount of canvas that a full-rigged frigate of the 
period could carry, but has since been modified and modernized. 
In its present form for international meteorological use it 


equates: (a) Beaufort force (or Beaufort number); (b) wind speed; 
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(c) descriptive terms; and (d) visible effects upon land objects é 


or the sea surface. One land adaptation is the NRM wind scale. 


The six basic wind speed classifications used in the 
report are: -l-3 knets,, 4-6. knots... /-10 knots, Ll-L6"-knots, 
17-21 knots, and winds of greater than 21 knots. The following 
table is a complete description of the Beaufort Wind Scale, 
taken from Physical Climatology, by Helmut Landsberg, 1969. 
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BEAUFORT WIND SCALE FOR CBSERVATIONS AT LAND STATIONS 

















! a, \ Corresponding Limits of Wind Speed ‘ 
Force | ExXp> ilacery Specification for Use ue at 10 meters ab.grd. 
fees? VAs Knots | Ka/hr! M/sec. ! Fr/sec. ! 
O | Calamity sscee os fal Smoke etses wramctca Diy... sas oats a's | <1 3 cle 4 <1 0.3 1 | 
1 | Light aki. 2:0 ece ; Direction of wind shown by smoke drift, i H ; | 
| Gpbucmnoty Uy windivanes., fo. 72 S508 cea pepe eal aS eel 5 2 OR Sa 55 1-5 
2 | Ligne breeze...../Wind Felt on face:leaves rustle:ordinery | | | | 
| Whe YMtalcis argue ch Wb yn cetera cha ote: aye th on ajaite, da eev singe p= Teil eG ome  6=— le ell 6 = 35.3 6-11 | 
3 | Gentle dreeze..)..} Leaves and small twigs in constant mo- ; i : } | | 
|, (tLongwimd extendselienec flat... o1.cheepeusrcrehe : 8-12 ! 7-10 | 12-19 | 3.4=5.4 | V2=% 
4 Moderate breeze.. | Raises dust and loose paper:small bran- | \ | 
NG chee dare moved .prrs J. gett ters se atihore nice iy toe) thy BING. | ya0=28 15.5 5=7.9% || 19226 
5 Fresh dreeze..... ‘Small trees in leaf begin to sway:wave- i H | 
| lees-formed) onvinlandcwaters...< .\. ss «aeaels |; 19-24 | 17-21 | 29:=38 sl 820=10 275 .27=—35 
6 Strong breeze....iLarge branches in motion:whisctling heard | H 
i im telegraon wires:umbrellas used with |! | | | 
| GU EER OWL GY cticic, clecinisreis aera oio'e.e:ausre, evens, 5 ciaceters 25=3L | 22527 39-49 | 10.8-13.8 |] 36-45 
7 | High wind........iWnole trees in motion:inconvenience felt | | 
| when walking against wind.............0 32-38 | 28-33 | 50-61 | 13.9-17.1! 46-56 
8 | Fresh gaie.......:Breaks twigs off trees:generally impedes , \ | | | 
We OROeresSis ox anise teem aca en eee oe | 39-46 | 34-40 ; 62-74 | 17.2-20.7| 57-68 
v] Strong gale......:Slight structural damage occurs (chimney | 
pots.and: slates removed)... cece ce neue s 47=54 41-47 75-88 | 20.8=24.4| 69-80 
10 Wnole gale....... ‘Seldom experienced inland:trees uprooted: 
considerable structural damage occurs... 55-63 48=55 89-102 | 24.5-28.4 81-93 
LL | SEO LM aii cieie wvererenenoe 'Very rarely experiences:accompanied by | | | 
\, -Widespread) Gamage i. ss acerocse as sec ee «6 j 64-72 , 56-63 | 103-117] 28.5-32.6| 94-106 
12 HUPELCANS cs ose ac ihie ew « chord 0 31s oe ene mw Bite ates lo ee/eere eteyane elAa omer aan s 73-82 |; 64=71 leiigenas 32.7-36.9 | 167-121 
LS) py lsated ish ctncle Be Cerccc stout tae ace oo 83-92 | 72-89 | 134203 37.0-41.4 | 122-136 | 
Bed sere mise tine rugs ee Joc eee cece een cece nee ee ences eee e erence ees 93-102| 81-89 | 150-166 41.5-46.1 | 137-151 
ae oe eerie eS ds tic ee re Sri ee oe 1104-114 | 90-99 | 167-183] 46.2-50.9 | 152-166 | 
16. Visas awainc an adsn we tain nae CL ae See oe ten « Aare a ee | 115-125 | 100-108 | 184-201 ! 51.0-56.0 | 167-183 | 
Lar \eieieghiate ese) aenavetwbapene Laatecuiaicte Brogan seal Nias de Merce eit se arte one Seater re 26-136 | 109-118 | 202-220; 56.1-61.2 | 184-201 


{ ! i 
Source: Table 36 (p.119) in R.J. List (1951) :Smithsonian Meteorological Tadles:Smithsonian Miscell.Coll.Vol. 114. 
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Table VIII demonstrates the diurmal variation of 
various recorded parameters. Hourly averages are determined by 
arithmeticallv averaging five-minute samples, except for wind 
direction averages which are computed vectorially assuming unit 
vector magnitudes. Totals in the diurmal wind direction tables 
are vector averages of the columms and rows. For all parameters, 
a blank entry in the diurnal variation table indicates that less 
than half (i.e., less than 6) of the five-minute samples for 


that hour are present. 


All times given in the data presentation are Mountain 
Standard, Time. 


To facilitate comparison of recorded concentrations to 


ambient air quality standards, the following regulations are 


presented. 
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TABLE. ET 
FEDERAL AND COLORADO STANDARDS 
Non-Designated Designated Area 
Primary Secondary Area 1973 1976 1980 
Particulate 
Annual G. M. 75 ug/m°> 60 g/m? 45 ug/m? 70 ug/m? 55 ug/m> 45 ug/m* 
24 Hr. Max. * 240 150 150 200 180 150 
Sulfur Oxides 
Annual 80(.03ppm) -< 60(.02ppm) 25(.009ppm) 10(.004p.m) 
24 Hr. Max. * 365(. 14ppm) 15(.005ppm) 300(. lppm) 150(.05ppm) 55(.02ppm) 
3 Hr. Max.* == 1300(. Sppm) -- ~< -- -- 
1 Hr. Max. ** -- -- == 800(.28ppm) 300(. lppm) == 
Oxidant 
l He. Maxe* 160(.08ppm) 160 
8° Hr. Max* -- -- 
Annual es == 
Hydrocarbons 6 
3 Hr. Max.* 160(.24ppm) 160 
6-9 a.m. 


Carbon Monoxide 
Max. 8 Hrs.* 10000 (9ppm) 10000 
Max. Hic. * 40000 35ppm) 40000 


Nitrogen Dioxide 


Annual 100(.05ppm) 100 


Units are micrograms per cubic meter and ppm in parenthests. 
*Not to be exceeded more than once per year. 


k*NOt to be exceeded more than once per month. 
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TABEESLIL 
AVERAGES FOR APRIL 1 THRU 30 
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TABLE IV 
DAILY AVERAGES FOR APRIL 1 THRU 30 
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APPENDIX A 
STABILITY WIND ROSE DIAGRAMS 


According to the data presented in AEC Safety Guide 
No. 23, the relationships between stability classes and Jo are 
as follows (the values shown are averages for each stability 
classification...a, is the standard deviation of horizontal 


wind direction fluctuations). 


Average Values 


Stability | Pasquill Tg 

Classificatzvon Categories (degrees) 
Extremely Unstable A 7s Og 
Moderately Unstable B 20.0° 
Slightly Unstable C 15210 
Neutral D 100" 
Slightly Stable E 5a0 
Moderately Stable F i a 


Stability wind roses obtained at the trailers in the 
monitoring network are displayed in the following tables. 
Because of the relatively low heights above the surface (9 meters) 
at which the wind data is taken, the stability distributions are 
skewed toward the unstable end of the spectrum. That is, the 
unstable classes (A, B, and C) have a much higher frequency of 
occurrence than would be obtained with the Pasquill method of 


stability categorization (or with instruments at higher levels). 


table, L depicts the frequency distribution of-Pasquill 
0 from data collected by M. M. 
Pendergast and T. V. Crawford at the Savannah River Plant 


stability categories based on o 


("Actual Standard Deviations of Vertical and Horizontal Wind 
Direction Compared to Estimates from Other Measurements", 
Symposium on Atmospheric Diffusion and Air Pollution, September 
9-13, 1974). Three distinct range patterns of stability class 


IIT B-1509 


RADIAN 
CORPORATION 


wv 
distributions were observed-— tow mid, and high, according to x 


the height at which the Og Measurements were taken. 


TABLE 1 
FREQUENCY DISTRIBUTION OF PASQUILL STABILITY CATEGORIES 


Stability Cetescries based sac 


SE I TO LECCE 

ae A 8 C 0 E Bi G 

= ae Gy 523. 12 £55 <23 l3 ve, <]2 8. <<, SOY Ney S55 <g 2 <3, <2 C; <2 

10 27.6 13.3 21.2 23.5 8.9 6.¢ ae 

35 19.3 hee 19.4 32.4 15.9 0.7 o.5 LOW RANGE 
91 9.5 67 13.5 7 72545 ee a5 

137 9.3 Ee We zn.2 23.5 1oesemees os... 1D RANGE 
182 720 2.9 6.8 17.1 25.9 Jc agree ay 

263 27 o3 9.4 17.7 pts 22.9. 10.4 HIGH RANGE 
304 72 3.7 8.0 17.2 Bu 23.9 ts 


Also, Figure 1 (from D: H. Slade, Meteorology and 
Atomic Energy, 1968, p. 52) demonstrates that the line represent- “\% 
ing very stable conditions (which by their nature are associated 
with light winds) branches into three separate lines near the 
ground. The curve at the left represents the smallest values of 
D6 usually observed...The curve that branches off to the right 
reflects the contribution of very low-level wind direction meander 
to the total standard deviation. These meandering oscillations 
decrease in amplitude very rapidly with height under stable 
conditions. The central curve represents typical inversion 
conditions. Actually, for a given stability condition’, values of 
Og will always be greater when the wind is light than when it is 


strong. This phenomena is most noticeable in the lowest layers. 
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FIGURE 1 


The vertical variation of the lateral wind- 
direction standard deviation (0,) for various stability 
regimes. The curves represent average or typical con- 
ditions with the exception of the two outer "very stable" 
lines, which represent extremes. 


The large surface values of By for unstable conditions 
do not decrease very rapidly with height. As in the case of 
very stable conditions, the greatest lateral fluctuations during 
a very unstable thermal structure occur with very light winds. 
As a general rule, for a given insolation condition, increasing 
wind speeds are associated with profiles of D6 that tend toward 
neutral stability. 


The majority of the trailers in the network recorded 
very light winds throughout the month. Therefore, the stability 
distributions had a predominance of high D6 values and, hence, 
unstable classifications. Those trailers with the highest 
average winds (and fewest nearby obstacles to the flow) generally 
had the more reasonable and representative low-level stability 
elass (disitri butions. 
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Le GENERAL DESCRIPTION OF AIR MONITORING PROGRAM 


Radian Corporation, under contract to the C-b Oil 
Shale Project, is performing the data compilation and reporting 
of air quality and meteorological data at one monitoring site 
in Northwest Colorado. The site measures and records concen- 
trations of particulates, sulfur dioxide, oxides of nitrogen, 
hydrogen sulfide, total hydrocarbons, methane, and carbon 
monoxide. A 200-foot meteorological tower provides wind 
direction, wind speed, temperature, and relative humidity data 
at four levels (8, 30, 100, and 200 feet). Other meteorological 
variables measured at the tower site are insolation, barometric 


pressure, and precipitation. 
Figure I shows the configuration of the monitoring 


station. The station provides a sturdy and protective covering 


for the monitoring equipment. 
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Tek, DESCRIPTION OF INSTRUMENT SYSTEMS 
A. Aiz Quality InstrumenGation 


Nitrogen oxides are measured with a Meloy Model NA520 
analyzer. This dual-channel analyzer is based on the chemilu- 
minescent principle and continuously monitors both NO. and NO. 
A subtraction circuit in the instrument provides a continuous 
NO. output; but Is-mot used in Radtants-—system- NO, is cal- 
culated once a second by the computer by subtracting the NO 
value from the NO, value, thus avoiding any drift which might 
occur in the NO, output of the instrument. This instrument has 
a minimum detectable sensitivity of 5 ppb (parts per billion) 
and a linearity of +17. 


Both sulfur dioxide and hydrogen sulfide are measured 
with Meloy Model SA185 sulfur analyzers. The hydrogen sulfide € 
analyzer uses a Meloy Model NO,-1 sulfur dioxide scrubber and 
the sulfur dioxide analyzer uses a Meloy Model H.S-1 hydrogen 
sulfide scrubber. The Model SA185 is a continuous analyzer and 
utilizes the flame photometric principle of operation. The 


minimum detectable sensitivity is 5 ppb and the linearity is +1%. 


Ozone is measured with a Meloy Model OA350 analyzer. 
This instrument, based on the chemiluminescent principle, pro- 
vides continuous measurement of ozone. The minimum detectable 


sensitivity is_0.5-ppb and the linearity isv=217.. 


Total hydrocarbons, methane, and carbon monoxide are 
monitored with a Bendix Model 8200 gas chromatograph analyzer. 
This instrument, which uses a plume ionization detector, has a 
minimum detectable sensitivity of 5 ppb for all three components. 
The Model 8200 works on a five-minute cycle, i.e., one air f 
sample is analyzed every five minutes, and the results are dis- 


played for five minutes via a sample and hold circuit. 
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The air sample is drawn in through a glass cane and 
manifold supplied by the Ace Glass Company. The system has a 
25mm diameter, through which a constant air flow is provided 
by.-an aise pump rated at,.60 cfm at, 0", head. pressure....,The manifold 
has sampling ports toiwhich, 1/4", teflon, lines. to, the, instrument 
are ‘connected: «Ad. qjoimts, inithe, sampling. system,;are, secured. by 
O-ring compression fittings. The manifold is contained in a 
heated (100°F) chamber to prevent condensation of moisture. The 
teflon lines from the manifold to the instruments are insulated 
with 1/8" wall thickness rubber tubing. 


The trailer has four heavy duty high volume particu- 
late samplers (Hi-Vols). Fiberglass filter paper is used for 
the collection of particulate samples, after which each filter 
is brought to a controlled humidity before weighing. Each Hi- 
Vol has a flow recorded to permit correction for changes in air 
flow as the filter becomes loaded with particulates. Each Hi= 
VoL runs, fora) 24-hour period _(midnight to midnight) and is 
turned on and off by the computer. The Hi-Vols, which were 
manufactured by Radian, were designed following guidelines re- 


commended by the Environmental Protection Agency. 


In addition to the normal Hi-Vol particulate samples, 
a duplicate Hi-Vol sample is collected every sixth day on 
special filter paper for trace element analysis. Once each 
quarter these samples are composited and analyzed for gross 


radioactivity and trace element content. 
B. Calibration ;»Procedures 
The trailer. contains a Meloy Model RAD-1 calibration 


UNLESS eines instrument provides a yzero air supply, SO, span gas 


from an SO2 permeation tube, and NO span gas obtained by precisely 
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diluting bottled NO span gas. The computer-controlled 

calibration of all instruments is automatically performed once 

a day. Each instrument as first: switched to: zero;s-the: computer 
monitors the output of each channel and takes a new zero reading 
after a stable zero signal has been reached. This zero reading 

is compared by the computer to the zero reading obtained 24 hours 
before, and if a drift) in’ ‘excess of 410-pob: has -occurned «an 

excess zero drift’ Pvent for the channel an questron wer Curmed on 
on the System Status Panel. Next, span gas is supplied to each 
channel and the computer decides when a stable span value has been 
reached. This value is recorded and compared to the previous day's 
value. An excess span drift light on the System Status Panel is 
turned on if a drift exceeding 10 ppb occurs,” The-insittruments are 
then returned to the monitor mode and after two minutes the com- 


puter resumes data taking. 


The bottled NO gas used at each site was obtained from 
Precision Gas Products. Pre-purified grade hydrogen is used in 


the SO; analyzers. 


The SO, permeation tubes were manufactured by Metronics 
Association, Inc. Their output has been verified by comparison 
to the output of National Bureau of Standards tube 10-42. Both 
SA185 analyzers in each trailer are calibrated with the SO, from 
the permeation tube. This instrument responds to the number of 
sulfur atoms per molecule; thus, SO, can be used to calibrate 


both the H2S and SO. monitors. 


The Model OA350 ozone analyzer has its own calibration 
system which provides a zero check and a span check. The ozone 
calibration system is verified by comparison to a calibrated 


ozone: generator maintainec. in Radian. s Laboratory aa Rite: 
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The Model 8200 total hydrocarbon, methane, and carbon 
monoxide analyzer is calibrated with undiluted span gas obtained 
from AirCo's Rare and Specialty Gas Division. This span gas con- 
tains methane and carbon monoxide in air, the methane being used 
to calibrate both the total hydrocarbon channel and the methane 
channel. The Model 8200 is zeroes with air from a Bendix Model 
8834 zero air unitaza.in addiitiom, thelinstrument is electronically 


re-zeroed at the start of every five-minute cycle. 


The Hi-Vol particulate samplers were calibrated using 
a Calibration Kit from General Metal Works. 


CSt Data Acquisition System 


The basis of the data acquisition system is a Data 
General NOVA 1200 minicomputer. The NOVA, which has a basic 
cycle time of 1.2 psec, is equipped with automatic program load 
and power fail/automatic restart features. The computer utilizes 
16K 16-bit words of core memory. Analog-to-digital conversion 
is accomplished via an ADC built by Radian Corporation. The 
input/output unit for the system is Texas Instrument’s KSR 733 
keyboard/printer. This model teletype provides keyboard entry 
and hardcopy printed output. The data are also recorded on a 
cassette magnetic tape unit with three drives. The cassette 
unit is utilized for program storage and loading as well as for 
recording. To reduce wear on mechanical parts, the power to the 
teletype and cassette units is turned on only when the unit(s) is 
(are) to be used. Several important functions in the instruments 
as well as in the computer and the trailer are monitored by means 
of lights on a System Status Panel. These data lights are written 
onto cassette tape to monitor the complete status of the system 
every five minutes. The Data Acquisition System also monitors 
the presence of 100V power from the power lines. In its absence, 


the computer, which is powered by batteries, switches all trailer 
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systems to battery-provided power. If the line voltage is 
restored before the batteries are discharged to a specified 


level, the trailer system is switched back to line power. 


D. Meteorological Instrumentation 


200-Foot Meteorological Tower 


The tower has instrumentation at four levels: 8 feet, 
30: feet),« 100 ‘feet, and 200i fect “mAt cally four evells > there are: 
wind speed, wind direction, and temperature and relative humidity 
sensors in a power-aspirated radiation shield. Temperature 
difference thermistors (also in power-aspirated radiation 
shields) and their associated circuitry take lapse rate measure- 
ments for the 30-foot to 100-foot layer and the 30-foot to 
200-foot layer>itIn addition, this):site ihas: alRrectsion sSpectral 


Pyranometer, a barometer, and a tipping bucket rain/snow gage. 


The wind direction and speed apparatus used at each 
measurement level of the tower is the Model 1074-2 wind sensor 
by Meteorological Research, Inc. (MRI). This sensor has a 540° 
potentiometer for wind direction and a light chopper for wind 
speed. This sensor is rugged, with an all-weather coaxial cup 
and damped vane assembly. The prototype model has been in 
operation for years under the most demanding weather conditions, 
performing continuously with the utmost reliability. The wind 
sensors on the tower have been specially treated with a black 
paint which will promote warming of the exposed surfaces of the 
sensor and thereby reduce ice and snow accumulations on the 
moving parts of the apparatus. The specifications on the Model 
1074-2 are as follows: 
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Wind Speed 


Starting “Threshold: 
Response Distance: 
Flow Coefficient: 


Accuracy: 
Wind Direction 


Starting Threshold: 
Delay Distance: 


Damping Katio: ~ 0.5 


Accuracy (540° system) : 


Range: O° to 540°. 


O27 > mph. 
NS "feet (637 recovery). 


7.9 feet/Revolution. 
+0.4 mph or 1% (whichever is greatest) 


0.75 mph. 


4 feet (50% recovery). 


to 0.6. 
= 


The relative humidity and temperature sensors are 


mounted within a power-aspirated radiation shield at each tower 


level. 
by. MRI. 


maximum radiation protection to the sensor. 


dtawn imtoo the shreld and across 
This imeake 


from a hemispherical space which 


15 feet per second. 


from the tube opening. Speed of 


perhiphery of this hemisphere is 


The temperature sensor 


and resistor network. 


change with an air temperature change. 


All aspirators and sensors are of the Model 840 Series 


The aspirated shielded housing is designed to provide 


Ambient air is 

the sensors at approximately 
air is essentially sampled 

is approximately 3-inch radius 
the incoming air at the 


approximately 1 mph. 


is comprised of a dual thermistor 


This circuit provides a linear resistance 


The relative humidity 


sensor is placed alongside the temperature elements inside the 


Shiela where Me is exposed to a constant flow'of air. 


Circulation 


to both sides of the sensing element produces accurate monitoring 


with a good response time. 


ments are as £L£ollows.: 


The specifications on the sensing ele- 
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Temperature 


Aecuracy:. £0 .25°'C. 
Range: -50°C to +50°C. 


Humidity 


Accuracy: =23.0%— RH. 
Range: 0% to 100% Relative Humidity. 


Measurements of temperature difference are taken for 
two layers, the 30-foot to 100-foot and the 30-foot to 200-foot 
layer. The thermistors and circuitry used for these measurements 
are separate from the thermistors measuring air temperature. The 
use of separate thermistors and circuitry to measure AT allows 
for much greater accuracy and resolution in the measurements, 
which is necessary for stability assessments. ' Two AT thermistors 
are at the 30-foot level, one is at the 100-foot level, and one 
is at the 200-foot level. All of these AT thermistors are mounted 
within power-aspirated radiation shields. The specifications on 


the AT instrumentation are as. follows: 


Accuracy: £0: AC. 
Range of AT Circuit (Lower Level-Upper Level): 
+9F° to -9F°. 


All instrumentation, except at the ground level, is 
mounted at the end of 12-foot retractable booms. These booms 
are 3-inch box beams which are on rollers: and can be retracted 


to the instrument platforms for instrument maintenance. 


The meteorological tower itself is a 200-foot Rohn 
Model 80 Guyed Tower, designed for 40 pounds per square foot 
wind load with %"' of radial ice per EIA Standard RS-222-B, to 
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support four levels of meteorological equipment. The material 
consists of tower sections with a tapered base, three retractable 
booms 12-feet long, three outside work platforms, an inside 
ladder for climbing, two base ground kits and one anchor ground 
kit. The cable-type Safety Climbing Device consists of a cable 
and attachment mechanisms with a locking sleeve and safety belt. 


The tower is lighted and painted according to FAA specifications. 


The signals from the tower instrumentation are fed 
from multiple signal cables into transmitters mounted at the base 
of the tower. After signals have been converted to analog 
Sienals tthe, are “ted aimto a ijunction ‘box; calsio at cthe tower 
base, where they are assimilated into one coaxial cable. The 
Signals are then rum underground within 3" -PV@ ‘conduit %to the 
A-to-D assembly, where they are processed. The transmitters are 
shielded and insulated from the elements. The signal cable is 
run underground in PVC conduit in order to minimize damage from 


the weather or from various rodents in the region. 


The auxiliary equipment at the tower site consists of 
a heated tipping bucket rain/snow gage, an analog barometer, 
and a Precision Spectral Pyranometer. The rain/snow gage is the 
Model P511-E unit by Weather Measure. In the case of this gage, 
the durability and reliability of a tipping bucket gage are 
combined with heavy-duty electric heaters to make this an all- 
purpose precipitation sensor. This gage may be used to measure both 
snowtaid rand: rainiail 7 iAntnsulating ccovexr iof ipoly=viny lh ichilorade 
and a thermostatic control insure the proper gage temperature. 
The thermostatic control is adjustable from 0 to 25| JG.f s2Snow 
falling into the inlet tunnel is melted. . The resulting water 
(from rain or snow) drains into a precision tipping bucket 
mechanism which activates a mercury switch each time the bucket 
fi bis Gand teiqs 479 ihe (cage: is fcomstructed ofrdurable corrosion- 


resistant materials to provide many years of service. The 
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speciiications for Chis gage ane as follows: 


Orifice e968) imehes- 

Calibration. 0 etnies. 

Accuracy: 0.5/<¢Galtbprated at 70e5. in) ni) 
Sensor: Chrome-plated tipping buckets. 
Switch: Mercury, 0.1-second closure. 


Heat Control: Thermostat adjustment, O to 25 C2 


The barometer is the B242 Analog Output Barometer by 
Weather Measure. This barometer provides an output voltage that 
is linearly proportional to pressure! >the specifications on) this 
instrument, which is mounted inside the monitoring trailer at the 


Site, ‘are as follows: 


Range: Specially designed for the 100 millibar 
interval from 725 millibars: to 625 melivbars. 
Resolution: Infinite. , 
Linearity. 20.75 milliban. over the: {00 smi llabar 


interval: 


The pyranometer at the site is the Eppley Precision 
Spectral Pyranometer. This instrument is used for the measure- 
ment of sun and sky radiation totally or in defined wavelength 
bands. The pyranometer is levelled and mounted atop a wooden 
stand 4% feet from the ground surface. Care has been taken to 
eliminate the effects from all outside influences, such as 
reflection or shadows, on the pyranometer. The instrument 


characteristics are as follows: 


SENS sel vast ic 2D TV) Spek cal/cm®/min. 
Independence: 300 ohms. 

Temperature dependence: Sensitivity constant to 
within +l percent over the ambient temperature 
range from -20 to +40°C. 
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LinearLty = Response linear-up to intensities 
of°4 call/em* /min- 


Response time: 1 second (i/e signal). 


Atlleinstrumentation is™factory-calibrated andjiissfield- 
Calibrated ae varrous intervals. “Slings psychrometers are sed’ to 
calibrate the humidity sensors; known temperatures and/or resis- 
tances are used to calibrate the thermistors; and an rpm cali- 
brating unit is used to calibrate the anemometers. The wind 
direction instrumentation is aligned to true north (reference 


direction) by means of a surveyor's transit. 
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Let: MICROMETEOROLOGICAL AND TERRAIN FEATURES 


The Pieceance, Creek Valley andjG-=p Shate Oil” Tract are 
situated such that many microscale meteorological phenomena 
affect thesregion where,the,ambient.air monitoring. unit is Located. 
Trailer 023 and its associated 200-foot meteorological tower are 
located atop a plateau to the south of the valley, high enough 
to be affected mostly by gradient flow conditions. 


The elevation at the meteorological tower site (Trailer 
023) is 6940 feet above sea level. The largest gradients in eleva- 
tion in this area, of course, occur at the Piceance Creek Valley 
walls. However, the northern valley walls are slightly steeper 
than those at the southern boundary of the valley, which then 
slopes upward gradually toward the C-b Tract. The Piceance Creek 


Valley decreases in elevation from east to west in this area, so 





that nighttime katabatic cold-air drainage flows advect from east 


CO West. 


Site 023 is approximately 2.5 miles south of the 
Piceance Creek Valley. This location is relatively high com- 
pared to its surroundings, with the nearest point having an eleva- 
tion greater than 7000 feet being .5 miles to the south of the 
tower. The tower itself is on the top of a small knoll located 
between Scandard and Sorghum Gulches. Because of its location 
and the irregularities of the surrounding terrain, meteorological 


patterns are varied here. 


Wind instrumentation is mounted.at four levels of the 
meteorological tower: 8 feet, 30 feet, 100 feet, and 200 feet. 
The top level of the tower generally remains in gradient wind 


flow. That is, the winds at that level are normally generated 
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by synoptic-scale features and are usually separated from terrain 
features: and=mierometeorological circulations.” Occasionally, a 
weak anabatic flow influence is experienced. However, such is not 
the case with the three lowest measurement levels. To varying 
degrees, these levels are influenced by both the katabatic and 
anabatic circulation cells. However, when strong pressure gradient 
forces exist in the region and the synoptic-scale wind flow is 
strong, all four tower levels will reflect a gradient wind flow as 


the winds increase in strength and height. 


The terrain atop the plateau is generally barren and 
fairly rugged, with a few scattered small trees. The topsoil 
dries rapidly and is very fine, resulting in blowing dust when 
dry, windy conditions exist. In the Piceance Creek Valley, the 
terrain is fairly grassy and flat, with steep valley walls on 
either side. Surface winds are normally rather light in this 


valley unless channeling effects occur. 


During clear nights with rather light pressure gradient- 
induced winds, rapid radiational cooling will occur’in the region 
because of the barren nature of the terrain and the generally 
dry ‘character of the air in this portiom of the country... As a 
result, the diurnal range of temperatures will be extremely 
large. Because of the katabatic flow in the valley, nighttime 
temperatures will generally be lower in the valley than on the 
plateau. During the winter, especially, temperatures in the 
valley may be 20F° lower than they are on the plateau during the 


early morning hours. 
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Ns OPERATING TIME ANALYSIS FOR EACH SITE 


This section presents the operating statistics for 
each of the major subsystems contained in the monitoring station. 
Table I shows the specific number of hours that each of these 
subsystems were inoperative for the month. The colum labeled 
"DIGITIZING SYSTEM' indicates the entire data acquisition system; 
therefore, downtime hours appearing in this column means total 
loss of data. These instances: include, in taddition to computer 
downtime, power failures, no power available, and self-automated 


shutdown periods such as during air conditioner malfunctions. 


Calibration time is not considered to be downtime and 
is, therefore, not included in the downtime figures. The amount 
of time used in calibrating the instruments is given at the 
bottom of the downtime analysis table and is reported as total 
calibration hours for each channel for the entire month.* As is 
evident in the calibration figures, channels can be calibrated 
independently of one another. No calibration time is given for 
particulate monitoring since Hi-Vol calibration occurs infre- 
quently and only during the off-duty cycle for each Hi-Vol 


while another Hi-Vol is taking data. 
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V. MONTHLY METEOROLOGICAL SUMMARY 


A. Summary of the Meteorological Conditions over 


North America during May 1977 


May 1977 brought warmer than normal temperatures to 
most of the continental United States. Precipitation totals 
were below normal over most of the country except for the Rockies 
and western sections of the country. The long wave circulatory 
pattern for May featured a trough in the western United States 
and a ridge in the eastern United States. The mean long wave 
trough was responsible for the slightly below normal temperatures 
and much above normal precipitation totals that occurred in the 
western United States. The mean long wave ridge accounted for 
the below normal precipitation totals and generally above normal 
temperatures which affected the eastern United States during May. 


The long wave circulation was meridional (north-south) 
on all days during May except from the 26th through the 29th 


when -Lt was..split flow, 


Extratropical low pressure systems were frequent in 
the United States during May. These low pressure systems usually 
affected the northern half of the country. The dates and 


locations of these low pressure systems were as follows: 


4th: Northern Great Plains 
ath: Northern Great Lakes 
6th: Great Basin 

8th-9th: New England 

LOths Upper New England 
l2th-L3th: Southwest 

L3th: Upper New England 
Lhe Great Plains 
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16th: Great Basin 
2isit-22nd.sGreat Plains 
23rd: Pacific Northwest 
24€h,- Great Basin 


On a sectional basis, the following temperature and 


precipitation anomalies existed during May. 


Section Temperature | Precipitation 
Northeast Much above normal Below normal 
Atlantic Seaboard Above normal Below normal 
North Central Much above normal Below normal 
Central Above normal Below normal 
Southeast Near normal Variable 
Southwest Near normal Variable; mostly below 

normal 
Rockies Slightly above Variable 
normal 
West and Pacific Slightly below Variable; mostly 
Northwest normal much above normal 
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B. Summary of the Meteorological Conditions in 
Northwestern and West Central Colorado during 
May 1977 


Grand Junction, Colorado, sixty miles to the south- 
southwest of the Tract (C=b, secerved a ftotal.of 0.59; inch of 
precipitation during May, which is 0.04 inch below the monthly 
normal of 0.63 inch. Measurable precipitation occurred on the 
10th; ‘L3thyJeeh, 15th, and the 26th. (The region ~ceceived 70 
percent of the possible monthly sunshine. Sky cover by cloudiness 
averaged 5.2 out of a possible 10 during the daylight hours and 
5.2 out of a possible 10 during the entire month. The region 
had eleven clear days, eleven partly cloudy days, and nine cloudy 


days during the month. 


Air mass changes were frequent during May. Seven 
frontal passages occurred during the month. These frontal 
Passages occurred regularly as an upper-level trough dominated 
the western United States throughout the month. Transport winds 
over the region as a whole were stronger in May than in April. 
Maritime polar cold frontal passages occurred on the 4th, 7th, 
9th, 14th, 16th, 20th, and the 24th. 
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C. Summary of the Meteorological Conditions in the 
Oil Shale Tract C-b Region during May 1977 


An upper-level trough which had a mean position over 
the western United States was responsible for the relatively 
frequent passage of cold fronts through the Tract C-b area during 
Mayen Precipatationvoceurred om the 13th, 14th, 15th, and 26th of 
May. Temperatures in the Tract C-b region were slightly above 
normal during May. Seven cold frontal passages occurred during 
May. Maritime polar cold. frontal passages occurred on the 4th, 
Jtbes then Lath /othy. 20th, and. the, 24th.. 


The monthly average temperatures recorded at the 
meteorological tower during May were 47.8°F at 8 feet; 49.4°F 
atg0) feet. .401 7k at 100 feet, and 48.2°F at 200 feet. These 
averages are somewhat misleading since temperature data was 
obtained only during the first nineteen days of May. No tempera- 
ture data was available for the last twelve days of the month. 
These averages are approximately 6F° higher than those recorded 
in April. The averages would have been higher had the last 
twelve days of May been included. The warmest days of the month 
were the 6th through the 9th and the 12th. The coolest days 
were the 14th and the 18th. The highest temperature recorded at 
the meteorological tower during May was 73°F at the 8- and 30-foot 
levels on the 9th. The coldest temperature recorded at the 
meteorological tower was 25°F at the 8-foot level on the morning 
ofthe 19th. 


No relative humidity data was obtained during May since 


the sensors were removed in early May due to faulty data problems. 
Wind speeds on the meteorological tower during May were 
much stronger on the average than the winds that prevailed during 


April. Resultant wind vectors at the meteorological tower during 
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May were as follows: 207.4 degrees at 5.2 miles per hour at 

8 feet;-200.8 degrees at 629 miles per Hour at 30 feet; 199.2 
degrees at 7.9 miles per hour at 100 feet; and 208.5 degrees at 
8.7 miles per hour at 200 feet. 


The scalar average wind speeds associated with these 
resultant wind vectors were 7, 10,-22>- and 13 miles per hour; 
respectively. The Ekman spiral and Ekman effect, i.e., a veering 
in direction and increase in speed as a function of increasing 
height above the surface, were in evidence during most of May. 

A reference to the May wind rose for the meteorological tower 
indicates that the winds at that location were primarily south- 
southwesterly with a high occurrence of southwesterly and southerly 
winds in addition. 


The windiest days of the month at the meteorological 
tower were the 3rd, Sth;*6th;” Poth? 23rd) and the.24en. 3" The : 
days having the lightest winds were the 13th, 19th, 20th, 21st, 
27th, 30th, and 3lst. The highest five-minute average wind speed 
recorded at the tower during May was 48 miles per hour at the 
200-foot level on the 16th. 


Precipitation totals in the Tract C-b Monitoring Net- 
work during May were generally slightly below normal. Precipitation 


occurrences were less numerous during May than during April. 


Only 0.36 inch of precipitation was recorded at the 
meteorological tower during May. The largest daily precipitation 
total recorded in the network during May was 0.20 inch on May 15th. 
The greatest five-minute precipitation total recorded during the 
month was 0.04 inch (a precipitation rate of 0.48 inch/hour), re- 
corded on the 13th and the 15th. Measurable precipitation (>.01 
inch) was recorded at the meteorological tower on the 13th, 14th, 


I3th, and the -26th.°’’ The precipitation on’ ‘the/morming of the’ 14th 
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was im thes form of snow. All other precipitation occurrences 


were im the Eoum Of Laimtall, 


The monthly average station pressure during May was 
786.1 millibars at the meteorological tower. This reading is 
3.2 millibars lower than the April average station pressure of 
789.3 millibars. The highest daily average station pressure 
occurred on the 2nd, -30th,;*and the *3Sist.~ The lowest daily 


average. Station. pressures, occurred on'*the oth, 6th, and the “16th. 


Cloudiness increased in the Tract C-b region during May, 
compared to the April cloud cover and insolation statistics. 
Tne region received an insolation total of 16,221.1 langleys, 
which is equivalent to a daily average insolation total of 523 
langleys/day. This average is below the normal for May of 
580 langleys/day in the Tract C-b region. On a diurnal basis, 
the greatest solar radiation rates occurred between 1100 and 1200 
hours. The greatest daily radiation totals were received on the 
igen. 29th, 30th, and the Sist. =The“lowest daily“-sollar radiation 
totals were received on the st, 3rd;"the 13th“through the Ld5th, 
and the 26th through the 28th. The greatest five-minute radiation 
total received during May was 8.60 langleys (a rate of 1.72 
langleys/minute) , which occurred on the 21st. The largest hourly 
insolation total received during May was 88 langleys, which 
occurred on the 29th between 1200 and 1300 hours. 


Because of the progressively increasing solar elevations 
and the increasingly longer periods of daylight that prevailed 
during May, the total possible solar radiation which could be 
received during a day increased monotonically throughout the 
month. Therefore, even though cloudiness increased during May 
compared to April, the actual” amount’ of solar radiation received 
also increased. 
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The increase in cloudiness which affected the Tract 
C-b during May caused the “very unstable” ‘stability ‘classes to 
become much less common than they had been in April. Using the 
Pasquill method of stability determination, ""D" sitabila ty, 
(neutral stability) was the most common stability, occurring 
during 284 daytime hours, or 66.8 percent of the time. In de- 
creasing order of frequency, "Cn Cslacghtly unstable) «stability 
occurred during 98 hours, or 23.1 percent of the time, and "B"” 
(very unstable) stability occurred during 43 hours, or 10.1 
percent of the time.-"A” (extremely umstable)2stabality did not 
occur during May. 


Using the lapse rate method of stability determination 
(BS). the neutral ("D"), slightly stable ("E"), and very wnstable 
("B'') stability classes were the most prevalent during May. In 
general, stable and/or neutral conditions prevailed during the 
nighttime hours and unstable and/or neutral conditions prevailed 
during the day. The following table is a diurnal breakdown of 
the various. stability classes. As one proceeds, from 7A’ tol Fk", 
the stability class ranges from extremely unstable to extremely 
stable. The column labeled "number of occurrences" indicates the 
number of times a particular stability class occurred during the 
month on an hourly basis. Level I presents the temperature change 
versus height values (D that were considered between 30 feet and 
100 feet. Level II indicates the values that were considered 
between 30 feet and 200 feet. 


Using the standard deviation of the horizontal wind 
(o,) method of stability determination, "E"'" stability was the 
most common stability classification at the 30-, 100-, and 200-foot 
levels of the meteorological tower due to moderately strong winds 
at those levels. The "D" stability was the most common stability 
classification at the 8-foot level due to a higher degree of 


mechanical turbulence at that level. 
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The bivane at the 200-foot level of the meteorological 
tower indicated a pattern of upward vertical motion (negative 
vertical directions) during May. Upward vertical motion was more 
pronounced during the daytime hours at the 200-foot level. 

Upward vertical motions were less pronounced at the 200-foot level 
during the late night and early morning hours. The bivanes at 
the 30- and 100-foot levels were removed in late March due to 


instrumentation problems. 


The Cg value obtained at the 200-foot level using the 
bivane compared favorably with the Cg value obtained at that 


level using the standard wind instrumentation. 
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VES DATA PRESENTATION AND SUMMARY 


This section includes summaries for various recorded 
data at the monitoring sites. The data presentations indicate 
the variability of pollutant concentrations and meteorological 
parameters with location and time. In addition, the presenta- 
tions indicate the functional dependence of pollutant concentra- 
tioni withiwindwdirectionepyAlk data-except suspended particulates 
(24-hour samples) are sampled once each second, but recorded as 
five-minute arithmetic averages of the one-second samples. This 
averaging technique tends to smooth instantaneous maximum values, 
and is especially evident when comparing wind gusts to local 


weather bureau data. 


Inherent to any data acquisition system is random noise 
both from the recording instruments and quantization in the ana- 
log-to-digital conversion. The lower threshold for all analytical . 
instruments is twice the maximum noise level generated by the 
instruments. , This lower threshold 2s, 5 ppb for all, instruments’, 
except tor the ozone analyzer, for wiacitatws O25-ppb7-~ There= 
fore, any values appearing in the data presentations that are 
less than 5 ppb indicate only a trace of pollutant in question 
and should not: be construed to be absolute levels. In addition, 
the recorded quantity is simply random noise and averages tend 
toward zero. Thus, when concentrations are below the lower 
threshold of the analytical instruments they may appear as a 
zero entry in the data presentation which does not indicate 


absolute zero concentration. 
All pollutant data “(exceps tor “particulate “data) is 


taken” at the monitoring site in ‘integer parts per billion (ppb) 


but is presented here in micrograms per cubic meter (ug/m?) 
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assuming standard temperature and pressure of 25°C and 760 mmHg 
(1013.2: millibars), respectively. @ Uihevscales Lactose eaiesed 
to convert ug/m*® at standard conditions back to ppb for the 


various pollutants: are given invthe following table. 





TO CONVERT tie/m- AT 25-¢ 
POLLUTANT AND 760 mmHg TO ppb MULTIPLY BY 





934 
234 
234 
384 
a2) 
Ik 3)0 
i230 
Ole 
Been by 





The units of the meteorological parameters are given in 
the table. It should be noted here that inside temperature is 
monitored and recorded as a functional part of the system but is 


not presented in this report. 


Table III displays the monthly statistics for each 
monitoring station for the month.  Topansure statastical sis- 
nificance, and to reduce the possibility of introducing a bias 
in the presentation, averages are computed only when at least 
50 percent of the samples are present, except for relative 
humidity: and temperature, in.which, case. 75 percent of the samples 
are required. If less than the required samples are present for 
a particular parameter, that entry will be blank. The number of 
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Samples pmeesent for a particular channel.is defined as the total 
possible number of five-minute samples for the averaging time 
less the computer downtime less the channel downtime less the 
channel calibration time. ~The averaces an TablevbilLsare.agith- 


metic averages with the following exceptions: 


- Wind speed and wind direction are 
computed using a vector averaging 
technique where the wind speed is 


treated as the vector magnitude. 


e Particulate averages are computed 


as the geometric mean. 


Table, IV. displays the daily averages:*Again,: 50 percent 
of the five-minute samples are required in order to compute an 
average except for the cases of relative humidity and temperature 
whiecherequire /5 percent. A blank “entry indicates anVinsulincient 
number of five-minute samples present for that day. Wind speed, 
wind direction, and particulate averages are computed the same 


Wavyeesradeseribed im Table Ltr. 


Table V presents the maximum daily five-minute average 
retained in the data base as well as the time of occurrence. A 
five-minute maximum average is printed if any samples are present 
for that day. Therefore, the maximum five-minute average for a 
channel which experienced considerable downtime or calibration 
time during the day in question may be misrepresentative of the 


maximum. expected for that channel on that day. 
Table VI indicates the five largest averages for 


various averaging times. The table shows the period of time 


covered by the average. Maxima are chosen so that time segments 
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are independent. The maximum averages reported are found using 
a "sliding average" technique! with the exception of the 24-hour 
particulate ‘average, ;which «is: computed from midnight, to midnient. 
For averaging times less than or equal to three hours, the slid- 
ing average is stepped one five-minute sample at a time. For 
longer averaging times the step size is twelve samples or one 
hour. For averaging times less than or equal to one hour 100 
percent of the five-minute samples must be present to compute 

an average. Averaging times greater than one hour require 90 
percent. Whether or not a sliding average is computed is solely 
determined by the number of samples present in that averaging 


time and is independent of daily and monthly averaging criteria. 


To demonstrate the functional dependence of recorded 
parameters upon wind direction, Table VII shows pollutant con- 
centration displayed in a bi-variate distribution with wind 
direction. The tables display the total number of five-minute 
samples occurring in each concentration and wind speed class. 
The mean concentration for all samples occurring in each wind 
class are also shown. This distribution demonstrates the 
dependence of high pollutant concentrations upon wind direction. 


Appendix A shows the stability wind rose diagrams. 


The wind speed classifications used in Appendix A are 
based on the Beaufort wind scale classification system. This 
is a system of estimating and reporting wind speeds, invented in 
the early nineteenth century by Admiral Beaufort of the British 
Navy. It.was originally based on the effects of various wind 
speeds on the amount of canvas that a full-rigged frigate of the 
period could carry, but has since been modified and modernized. 
In its present form for international meteorological use it 


equates: (a) Beaufort force (or Beaufort number); (b) wind speed; 
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(c) descriptive terms; and (d) visible effects upon land objects 


or the sea surface. One land adaptation is the NRM wind scale. 


The six basic wind speed classifications used in the 
report are: = I=3 knots,.4-6 knots ;*7=10 knots, “11-16 knots’, 
17-21 knots, and winds of greater than 21 knots. The following 
table is a complete description of the Beaufort Wind Scale, 


taken from Physical Climatology, by Helmut Landsberg, 1969. 


BEAUFORT WIND SCALE FOR OBSERVATIONS AT LAND STATIONS 








| PE we hee aoe i. aoe | Corresponding Limits of Wind Speed 
Force PBXs aCOEY Specification for Use 1 7 at 10 meters ab.grd. 
Title j | Bayh | oO Rrots'  Ka/he!  Misec. | Pc/sec 
| 0 CG aAtltintetonepemenecbsce cuerege [SINGS MESS Vee MI Ga 11 wr epeusieleis ae islet. a) ois) cheiers St <a <i 0.3 ! 1 
Wee ei ceratare., Sem rchcwesre ts } Direction of wind shown by smoke drift, i | i | 
| MesB ue MNORUby Grn Vanes Asse ol ee oa ee hese os eg 25 9.32125) 1-5 
2°, Ligne breezenrssc. j|Wind felt on face:leaves rustle:ordinary ! 
| Vane rOVS Cru yaw DG ccc isrleaieis rele sisialaieleys ae eg Tin Gabe” 25 620 te 6 =5.3 j 6-11 
3 | Gentle dreeze..../Leaves and smail twigs in constant mo- | : | | 
| tion;wind extends dignt flat......c..2..; 8-12 | 7-10 {| 12-19 | 3.4-5.4 12-18 
4 | Moderate breeze..,Raises dust and locse paper:smali bran- i | | i 
CHESM ARS WOVE s a ca Mewe cuss aleuelievete oloaieresare sue(sre yo U3=18) . 1-26 | 20=28 |; 3-5=7.9 19-26 
5 | Giresh breeze. ..... ‘Smail trees in leaf begin to sway:wave- H \ \ 
{ ets formed on inland waters.....<s.2200.6 WaaGea24 y= Wi -99235')))) 3B-0=1027|_ 27=s5 
6 Strong breeze....iLarge branches in motion:whistling hear | 
in telegraph wires:umbrellas used with | | { 
We CTE CSC UN Ba reretetanetovetaatelieveierele: sia ateuens choraustonaye) oe 1 25=31 22-27 | 39-49 | 10.8-13.8 | 36-45 
7 yeh walinid Ss 5.6 oie oe Whole trees in motion:inconvenience felt | | | 
| when walking against wind............005 og2-38 | @e-39 f So-61 | 23,9-27.2 |. Ge-se 
8 Fresh gale.......:Breaks twigs ofi trees:generally impeces | | | 
ll SOE OSLESS sere weicicve s oveekovero is euisveltevee veers orvlere%e | 39-46 | 34-40 , 62-74 | 17.2-20.7] 57-68 
OS oieSinsOneeealicmecrecc. 1Slight structural damage occurs (chimney | i | 
| “pots and: slaces removed)ic.. so. 42 . cde noc l47=54 | S1L47 | 75-88 | 20.8-24.4| 69-80 
TOT wnollle) ‘gales: « ‘Seldom experienced inland:trees uprooted: | | 
| considerable structural damage ee 55-63 | 48-55 89-102 ; 24.5-28.4 81-93 
li StOTR. 1+. +++-+-.- | Very rarely experiences:accompanied by ! i | 
| WideSoTeadwidamaeze lar: tide clalecistetclarcretswesie ¢ | 64-72 | 56-63 | 103-117 | 28.5-32.6 | 94-106 
12 | Hurricane Bese eae SOIR ria Mec oie es. | 73-82 ; 64-71 | 118-133] 32.7-36.9 | 107-121 
LOra pion eines eae Sect otes oie Wiereavese ysl Sic, Were foas ray cts Stara estarsteter a atc false ai | 83-92 | 72-80 | 134-149 | 37.0-41.4 | 122-136 
UAE hele each eet oh, [once ccc ccc nese cence ese ee ene cee ener eeecens | 93-102 | 81-89 | 150-166 | 41.5-46.1j 137-151 
DSA) © leeeccastarore cee encne miei efi e IRewofeletenmtenetaxeusier atetst cictelexatal cco sy erereelererste creisiete ceseicie | 104-114] 90-99 | 167-183] 46.2-50.9 | 152-166 
16) cere re eee ee an tare rte os aot AN RRR ENS Geral etna. | 115-125 | 100-108 | 184-201; 51.0-56.0 | 167-183 
DJid | vile weevuenens setetedevewesetey erect TH a 0 COCO CO DOCO DOGO OOO UG GUT D DOOU OOdOe H 126-136 | 109-118; 202-220; 56.1-61.2 | 184-201 
Source: Tadle 36 (p.119) in R.J. List (1951):Smithsonian Meteoroiogical Tables:Smithsonian Miscell.Coll.Vol. 114. 
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Table VIII demonstrates the diurnal variation of 
various recorded parameters. Hourly averages are determined by 
aritnmetically averaging five-minute samples, except for wind 
direction averages which are computed vectorially assuming unit 
vector magnitudes. Totals in the diurnal wind direction tables 
are vector averages’ of the columis and sows.) For all parameters, 
a blank. entry in the diurnal wariation table andicates Ehat less 
than half (ive-, less ‘than 6) of the: frve-minute samples” for 


that hour are present. 


All times given in the data presentation are Mountain 


Standard Time. 
To facilitate comparison of recorded icomecentrations:-te 


ambient air quality standards, the following regulations are 


presented. 
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TABLE Et 
FEDERAL AND COLORADO STANDARDS 
Non-Designated Designated Area 
Primary Secondary : Area . S73 1976 1980 
Particulate 
Annual G. M. 75 pg/m°* 60 g/m? 45 uig/m? 70 lig/m* 55 ug/m? 45 lig/m? 
24 Hr. Max. * 260 150 150 200 180 150 
Sulfur Oxides 
Annual 80(.03ppm) -- 60(.02ppm) 25(.009ppm) 10(.004ppm) 
24 Hr. Max. * 365(. 14ppm) 15(.005ppn) 300(. lopm) 150(.05ppm) 55(.02ppm) 
3 Hn. Max. * -- 1300(.5ppm) -- -- -- -- 
1 Hr. Max. ** -- o -- 800(.28ppm) 300(. lppm) -- 
Oxidant 
1 Hic. Max.* 160(.08ppm) 160 
8 Hr. Maxi -- == 
Annual -- -- 
Hydrocarbons 
3" Hin. Maxe* 160(.24ppm) 160 
6-9 a.m. 


Carbon Monoxide 
Max. 8 Hrs.* 10000 (9ppm) 10000 
Max: slJHrna* 40000 ( 35ppa) 40000 


Nitrogen Dioxide 


Annual 100(.905ppm) 100 


SS 


Units are micrograms per cubic meter and ppm in parenthesis. 
*Not to be exceeded more than once per year. 


k*Not to be exceeded more than once per month. 
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TABLE LET 
AVERAGES FOR MAY 1 THRU 31 
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TABLE IV 
DAILY AVERAGES FOR MAY 1 THRU 31 
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According to the data presented in AEC Safety Guide 
No. 23, the relationships between stability classes and Jg are 
as follows (the values shown are averages for each stability 
classification...o, is the standard deviation of horizontal 
wind direction fluctuations). 


Average Values 


Stability. Pasquill or 

Classification Categories (degrees) 
Extremely Unstable A 250" 
Moderately Unstable B 20 0° 
Slightly Unstable C 150° 
Neutral D 104.0 
Slightly Stable E 50° 
Moderately Stable F 5. 


Stability wind roses obtained at the trailers in the 
monitoring network are displayed in the following tables. 
Because of the relatively low heights above the surface (9 meters) 
at which the wind data is taken, the stability distributions are 
skewed toward the unstable end of the spectrum. That is, the 
unstable classes (A, B, and C) have a much higher frequency of 
occurrence than would be obtained with the Pasquill method of 


stability categorization (or with instruments at higher levels). 


Table 1 depicts the frequency distribution of Pasquill 


stability categories based on o, from data collected by M. M. 


Pendergast and T. V. Crawford = the Savannah River Plant 
("Actual Standard Deviations of Vertical and Horizontal Wind 
Direction Compared to Estimates from Other Measurements", 
Symposium on Atmospheric Diffusion and Air Pollution, September 


9-13, 1974). Three distinct range patterns of stability class 


II B-1722 


ER ZaPe AN 


CORPORATION 


distributions were observed: low, mid, and high, according to 


the height at which the Og Measurements were taken. 


TABLE 1 
FREQUENCY DISTRIBUTION OF PASQUILL STABILITY CATEGORIES 


Stability Ceteseries based sae 





none B C 0 E F G 
SO a, 223 18 ¢c, <23 13 xc, <18 Bec, <12 4 sc, <8 2<7, <4  c, <2 
10 22.5 13-2 21.2 23.9 8.9 0.5 35 
35 19.3 11.2 19.4 32.4 15.9 0.7 0.5 LOW RANGE 
91 9.5 6c7 7355 1.7 2016 WS.2 2.5 : 
137 3.3 Se 13.7 70.8 23.5 Taceee Geg.) eD RANGE 
182 7.0 2.9 6.3 Wat 25.9 e568 Rag 
263 7k 2.3 9.4 yale 27.6 22.9. 10.4 HIGH RANGE 
304 72 37 8.0 17.2 23.7 239° tt3 


Also, Figure 1 (from D. H. Slade, Meteorology and 
Atomic Energy, 1968, p. 52) demonstrates that the line represent- 
ing very stable conditions (which by their nature are associated 
with light winds) branches into three separate lines near the 
ground. The curve at the left represents the smallest values of 
GO, usually observed. The curve that branches Off“to the VEight 
reflects the contribution of very low-level wind direction meander 
to the total standard deviation. These meandering oscillations 
decrease in amplitude very rapidly with height under stable 
conditions. The central curve represents typical inversion 
conditions. Actually, for a given stability condition, values of 
ore will always be greater when the wind is light than when it is 
strong. This phenomena is most noticeable in the lowest layers. 
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The vertical variation of the lateral wind- 
direction standard deviation (0,) for various stability 
regimes. The curves represent average or typical con- 
ditions with the exception of the two outer "very stable" 
lines, which represent extremes. 


The large surface values of D6 for unstable conditions 
do not decrease very rapidly with height. As in the case of 
very stable conditions, the greatest lateral fluctuations during 
a very unstable thermal structure occur with very light winds. 
As a general rule, for a given insolation condition, increasing 


wind speeds are associated with profiles of 86 that tend toward 
neutral stability. 


The majority of the trailers in the network recorded 
very light winds throughout the month. Therefore, the stability 
distributions had a predominance of high Tg values and, hence, 
unstable classifications. Those trailers with the highest 
average winds (and fewest nearby obstacles to the flow) generally 


had the more reasonable and representative low-level stability 
class distributions: 
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